FINAL REGULATION ORDER
Amend section 1971.1, title 13, California Code of Regulations, to read as follows:

Note: The proposed amendments are shown in underline to indicate additions and
strikeeout to indicate deletions from the existing regulatory text.

8§1971.1. On-Board Diagnostic System Requirements--2010 and Subsequent
Model-Year Heavy-Duty Engines

(a) Purpose.

The purpose of this regulation is to reduce motor vehicle and motor vehicle engine
emissions by establishing emission standards and other requirements for onboard
diagnostic systems (OBD systems) that are installed on 2010 and subsequent
model-year engines certified for sale in heavy-duty applications in California. The OBD
systems, through the use of an onboard computer(s), shall monitor emission systems
in-use for the actual life of the engine and shall be capable of detecting malfunctions of
the monitored emission systems, illuminating a malfunction indicator light (MIL) to notify
the vehicle operator of detected malfunctions, and storing fault codes identifying the
detected malfunctions._The use and operation of OBD systems will ensure reductions
in in-use motor vehicle and motor vehicle engine emissions through improvements of
emission system durability and performance.

(b) Applicability.
Except as specified in section (d)(7) and elsewhere in this regulation (title 13, CCR
section 1971.1), all 2010 and subsequent model-year heavy-duty engines shall be
equipped with an OBD system that has been certified by the Executive Officer as
meeting laII applicable requirements of this regulation (title 13, CCR section
1971.1).

(c) Definitions.

“Actual life” refers to the entire period that an engine is operated on public roads
in California up to the time an engine is retired from use.

“Alternate-fueled engine” refers to an engine using a fuel different from or in
addition to gasoline fuel or diesel fuel (e.q., compressed natural gas (CNG),
liguefied petroleum gas). For the purposes of this requlation, alternate-fueled
engines include dedicated alternate-fueled engines (i.e., engines designed to
operate exclusively on the alternate fuel) and engines that can use more than one
type of fuel but cannot be reasonably operated in-use exclusively on gasoline or
diesel fuel (e.q., engines with diesel pilot injection and CNG main injection where
engine operation is limited to idle if CNG fuel is not available or engines which use
gasoline-only operation during cold start and CNG-only operation for the rest of the
driving cycle and engine operation defaults to a limp-home restricted speed and load
if CNG fuel is not available). For engines that can use more than one type of fuel
but can be operated in-use exclusively on gasoline or diesel fuel, the engines are

! Unless otherwise noted, all section references refer to section 1971.1 of title 13, CCR.
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considered alternate-fueled engines only for the portion of operation the engine
uses a fuel other than exclusively gasoline or diesel (e.d., a gasoline and CNG
engine that can operate exclusively on gasoline is considered an alternate-fueled
engine only while operating on CNG and is not subject to the provisions or relief of
this requlation for alternate-fueled engines while operating exclusively on gasoline).
For alternate-fueled engines, the manufacturer shall meet the requirements of
section (d)(7.5).

“Alternate phase-in”, as allowed in section (g)(5.8), is a phase-in schedule that
achieves equivalent compliance volume by the end of the last year of a scheduled
phase-in provided in this requlation. The compliance volume is the humber
calculated by multiplying the percent of engines (based on the manufacturer’s
projected sales volume of all engines unless specifically stated otherwise in section
(e), (A, or (g)) meeting the new requirements per year by the number of years
implemented prior to and including the last year of the scheduled phase-in and then
summing these yearly results to determine a cumulative total (e.q., a three year,
20/50/100 percent scheduled phase-in would be calculated as (20*3 years) + (50*2
years) + (100*1 year) = 260; a two-year 20/50 percent scheduled phase-in would be
calculated as (20*2 years) + (50*1 year) = 90). Manufacturers are allowed to
include engines introduced before the first year of the scheduled phase-in (e.g., in
the previous example, 10 percent introduced one year before the scheduled phase-
in begins would be calculated as (10*4 years) and added to the cumulative total).
However, manufacturers are only allowed to include engines introduced up to one
model year before the first year of the scheduled phase-in. The Executive Officer
shall consider acceptable any alternate phase-in that results in an equal or larger
cumulative total by the end of the last year of the scheduled phase-in and ensures
that all engines subject to the phase-in will comply with the respective requirements
no later than two model years following the last year of the scheduled phase-in.

For alternate phase-in schedules resulting in all engines complying one
model year following the last year of the scheduled phase-in, the compliance
volume shall be calculated as described directly above. For example, a
20/50/100 percent scheduled phase-in during the 2016-2018 model years would
have a cumulative total of 260. If the manufacturer’s planned alternate phase-in
schedule is 40/50/80/100 percent during the 2016-2019 model years, the final
compliance volume calculation would be (40*3 years) + (50*2 years) + (80*1
year) = 300, which is greater than 260 and therefore would be acceptable as an
alternate phase-in schedule.

For alternate phase-in schedules resulting in all engines complying two model
years following the last year of the scheduled phase-in, the compliance volume
calculation shall be calculated as described directly above and shall also include
a negative calculation for engines not complying until one or two model years
following the last year of the scheduled phase-in. The negative calculation shall
be calculated by multiplying the percent of engines not meeting the new
requirements in the final year of the phase-in by negative one and the percent of
engines not meeting the new requirements in the one year after the final year of
the phase-in by negative two. For example, if 10 percent of a manufacturer’s
engines did not comply by the final year of the scheduled phase-in and 5 percent
did not comply by the end of the first year after the final year of the scheduled
phase-in, the negative calculation result would be (10*(-1 years)) + (5*(-2 years))
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= -20. The final compliance volume calculation is the sum of the original

compliance volume calculation and the negative calculation. For example, a

20/50/100 percent scheduled phase-in during the 2016-2018 model years would

have a cumulative total of 260. If a manufacturer’s planned alternate phase-in

schedule is 40/70/80/90/100 percent during the 2016-2020 model years, the final

compliance volume calculation would be (40*3 years) + (70*2 years) + (80*1

year) + (20*(-1 year)) + (10*(-2 years)) = 300, which is greater than 260 and
therefore would be acceptable as an alternate phase-in schedule.

“Applicable standards” refers to the specific exhaust emission standards or
family emission limits (FEL), including the Federal Test Procedure (FTP) and
Supplemental Emission Test (SET) standards, to which the engine is certified.

“Auxiliary Emission Control Device (AECD)” refers to any approved AECD (as
defined by 40 Code of Federal Regulations (CFR) 86.082-2 and 86.094-2).

“Emission Increasing Auxiliary Emission Control Device (EI-AECD)” refers to
any approved AECD that: reduces the effectiveness of the emission control
system under conditions which may reasonably be expected to be encountered
in normal vehicle operation and use; and the need for the AECD is justified in
terms of protecting the vehicle against damage or accident. An AECD that is
certified as an NTE deficiency shall not be considered an EI-AECD. An AECD
that does not sense, measure, or calculate any parameter or command or trigger
any action, algorithm, or alternate strateqy shall not be considered an EI-AECD.
An AECD that is activated solely due to any of the following conditions shall not
be considered an EI-AECD: (1) operation of the vehicle above 8000 feet in
elevation; (2) ambient temperature; (3) when the engine is warming up and is not
reactivated once the engine has warmed up in the same driving cycle; (4) failure
detection (storage of a fault code) by the OBD system; (5) execution of an OBD
monitor; or (6) execution of an infrequent regeneration event.

“Base fuel schedule” refers to the fuel calibration schedule programmed into the
Powertrain Control Module or programmable read-only memory (PROM) when
manufactured or when updated by some off-board source, prior to any learned
on-board correction.
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“Calculated load value” refers to the percent of engine capacity being used and
is defined in Society of Automotive Engineers (SAE) J1979 "E/E Diagnostic Test
Modes," May-2007February 2012 (SAE J1979), incorporated by reference (section
(h)(1.4)). For diesel applications, the calculated load value is determined by the
ratio of current engine output torque to maximum engine output torque at current
engine speed as defined by parameter definition 5.2.1.7 of SAE J1939-71 “Vehicle
Application Layer (Through February-2008May 2010),” Janruary-2009March 2011.

“Confirmed fault code,” for purposes of engines using International Standards
Organization (ISO) 15765-4, is defined as the diagnostic trouble code stored when
an OBD system has confirmed that a malfunction exists (e.qg., typically on the
second driving cycle that the malfunction is detected) in accordance with the
requirements of sections (d)(2), (f), (g), and (h)(4.4).

“Continuously,” if used in the context of monitoring conditions for circuit
continuity, lack of circuit continuity, circuit faults, and out-of-range values, means
monitoring is always enabled, unless alternate enable conditions have been
approved by the Executive Officer in accordance with section (d)(3.1.1), and
sampling of the signal used for monitoring occurs at a rate no less than two samples
per second. If a computer input component is sampled less frequently for control
purposes, the signal of the component may instead be evaluated each time
sampling occurs.

“Deactivate” means to turn-off, shutdown, desensitize, or otherwise make
inoperable through software programming or other means during the actual life of
the engine.

“Diagnostic or emission critical” electronic control unit refers to the engine control
unit and any other on-board electronic powertrain control unit eentainring-software
that:

(1) has primary control over any of the monitors required by sections (e)(1)
through (f)(9), (g)(1) through (g)(2), and (g)(4), but does not include circuit or
out-of-range fault monitors required by sections (€)(9.2.1)(A)(ii),
(e)(9.2.1)(B)(ii), (e)(9.2.2)(B), (e)(9.2.4)(B), (f)(8.2.1)(B), (f)(8.2.2)(B),
(f)(8.2.2)(D), (f)(8.2.3)(A), (f)(8.2.3)(B), and (9)(1.1.2); or

(2) excluding_except for anti-lock brake system (ABS) control units or
stability/traction control units,;

(a) has primary control over the any rationality fault diagnostics or functional

check for more than twe four efthe input components or more than two

output components required to be monitored by section (g)(3)-;_or

(b) for 2016 and subsequent model year engines, is field reprogrammable

and has primary control over any rationality fault diagnostic or function check

for any input or output component required to be monitored by section (q)(3).
For purposes of criteria (1) and (2) above, “primary control” over a monitor means
the control unit does any of the following: (a) determines if any enable conditions are
satisfied; (b) calculates all or part of the diagnostic decision statistic or metric by
which pass or fail decisions are made (e.g., the comparison of a component’s
measured or calculated level of performance to a fault threshold); or (c) makes or
processes pass or fail decisions (e.d., debounces diagnostic decision statistics or
commands MIL illumination or fault code storage). Further, fFor purposes of
criteriaon (2)(a) above, all glow plugs in an engine shall be considered “one” output
component in lieu of each glow plug being considered a separate component.
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Additionally, for purposes of criterion (2)(b) above, “field reprogrammable” means a
control unit that is capable of supporting a manufacturer service procedure intended
to be executed in a dealership or other vehicle service environment that results in
the downloading of new software and/or calibration data into the control unit.

“Diesel engine” refers to an engine using a compression ignition thermodynamic
cycle.

“Driving cycle” is defined as a trip that meets any of the four conditions below:

(al) Begins with engine start and ends with engine shutoff;

(b2) Begins with engine start and ends after four hours of continuous engine-on

operation;

(e3) Begins at the end of the previous four hours of continuous engine-on

operation and ends after four hours of continuous engine-on operation; or

(d4) Begins at the end of the previous four hours of continuous engine-on

operation and ends with engine shutoff.
For monitors that run during engine-off conditions, the period of engine-off time
following engine shutoff and up to the next engine start may be considered part of
the driving cycle for conditions (al) and (d4). For vehicles that employ engine
shutoff strategies that do not require the vehicle operator to restart the engine to
continue driving (e.g., hybrid bus with engine shutoff at idle), the manufacturer may
request Executive Officer approval to use an alternate definition for driving cycle
(e.g., key on and key off). Executive Officer approval of the alternate definition shall
be based on equivalence to engine startup and engine shutoff signaling the
beginning and ending of a single driving event for a conventional vehicle. Engine
restarts following an engine shut-off that has been neither commanded by the
vehicle operator nor by the engine control strategy but caused by an event such as
an engine stall may be considered a new driving cycle or a continuation of the
existing driving cycle. For engines that are not likely to be routinely operated for
long continuous periods of time, a manufacturer may also request Executive Officer
approval to use an alternate definition for driving cycle (e.g., solely based on engine
start and engine shutoff without regard to four hours of continuous engine-on time).
Executive Officer approval of the alternate definition shall be based on
manufacturer-submitted data and/or information demonstrating the typical usage,
operating habits, and/or driving patterns of these vehicles.

“Emission standard,” as it applies to OBD compliance and the remedies provided
for in the Health and Safety Code for noncompliance, relates to the emission
characteristics of a motor vehicle and engine and means:

(1) a numerical limit on the amount of a given pollutant that a motor vehicle or

motor vehicle engine may emit into the atmosphere; or

(2) a requirement that a motor vehicle or motor vehicle engine be equipped with

a certain type of pollution-control device or some other design feature related
to the control of emissions.

“Engine family” means a grouping of vehicles or engines in a manufacturer’s
product line determined in accordance with 40 CFR 86.098-24.

“Engine rating” means a unique combination of displacement, rated power,
calibration (fuel, emission, and engine control), AECDs, and other engine and
emission control components within an engine family.

“OBD parent rating” means the specific engine rating selected according to

section (d)(7.1.1) or (d)(7.2.2)(B) for compliance with section 1971.1.
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“OBD child rating” means an engine rating (other than the OBD parent rating)
within the engine family containing the OBD parent rating selected according to
section (d)(7.1.1) or an engine rating within the OBD group(s) defined according
to section (d)(7.2.1) and subject to section (d)(7.2.3).

“Evaporative emission standards” are a subset of emission standards that refer
to the specific motor vehicle fuel evaporative emission standards and test
procedures incorporated by reference in title 13, CCR section 1976 to which the
engine is certified.

“Exhaust emission standards” or “tailpipe emission standards” are a subset of
emission standards that collectively refer to the specific FTP standards and SET
standards to which an engine is certified.

“Engine misfire” means lack of combustion in the cylinder due to absence of
spark, poor fuel metering, poor compression, or any other cause. This does not
include lack of combustion events in non-active cylinders due to default fuel shut-off
or cylinder deactivation strategies.

“Engine start” is defined as the point when the engine reaches a speed 150 rpm
below the normal, warmed-up idle speed (as determined in the drive position for
vehicles equipped with an automatic transmission). For hybrid vehicles or for
engines employing alternate engine start hardware or strategies (e.g., integrated
starter and generators), the manufacturer may request Executive Officer approval to
use an alternate definition for engine start (e.g., ignition key “on”). Executive Officer
approval of the alternate definition shall be based on equivalence to an engine start
for a conventional vehicle.

“Family Emission Limit (FEL)” refers to the exhaust emission levels to which an
engine family is certified under the averaging, banking, and trading program
incorporated by reference in title 13, CCR section 1956.8.

“Fault memory” means information pertaining to malfunctions stored in the
onboard computer, including fault codes, stored engine conditions, and MIL status.

“Federal Test Procedure (FTP) test” refers to an exhaust emission test
conducted according to the test procedures incorporated by reference in title 13,
CCR section 1956.8(b) and (d) that is used to determine compliance with the FTP
standard to which an engine is certified.

“FTP cycle”. For engines certified on an engine dynamometer, FTP cycle
refers to the engine dynamometer schedule in 40 CFR appendix 1 of part 86,
section (f)(1), entitled, “EPA Engine Dynamometer Schedule for Heavy-Duty
Otto-Cycle Engines,” or section (f)(2), entitled, “EPA Engine Dynamometer
Schedule for Heavy-Duty Diesel Engines.”

“FTP standard” refers to the certification exhaust emission standards and test
procedures applicable to the FTP cycle incorporated by reference in title 13,
CCR sections 1956.8(b) and (d) to which the engine is certified.

“Fuel trim” refers to feedback adjustments to the base fuel schedule. Short-term
fuel trim refers to dynamic or instantaneous adjustments. Long-term fuel trim refers
to much more gradual adjustments to the fuel calibration schedule than short-term
trim adjustments.

“Fueled engine operation” is the state where any fuel is introduced into the
engine for the purposes of combustion.

“Functional check” for an output component or system means verification of
proper response of the component and system to a computer command.
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“Gasoline engine” refers to an Otto-cycle engine eran-alternate-fueled-engine.

“Heavy-duty engine” means an engine that is used to propel a heavy-duty
vehicle.

“Heavy-duty vehicle” means any motor vehicle having a manufacturer’'s gross
vehicle weight rating (GVWR) greater than 14,000 pounds.

“Hybrid vehicle” refers to a vehicle that has both of the following on-vehicle
sources of stored energy and can draw propulsion energy from the source
mentioned in 2): 1) a consumable fuel and 2) an energy storage device such as a
battery, capacitor, pressure reservoir, or flywheel.

“Ignition Cycle” means a driving cycle that begins with engine start, meets the
engine start definition for at least two seconds plus or minus one second, and ends
with engine shutoff. For hybrid vehicles, “ignition cycle” means a driving cycle that
beqgins when the propulsion system active definition is met for at least two seconds
plus or minus one second, and ends when the propulsion system active definition is
no longer met.

“Keep-alive memory (KAM),” for the purposes of this regulation, is defined as a
type of memory that retains its contents as long as power is provided to the on-
board control unit. KAM is not erased upon shutting off the engine but may be
erased if power to the on-board control unit is interrupted (e.g., vehicle battery
disconnected, fuse to control unit removed). In some cases, portions of KAM may
be erased with a scan tool command to reset KAM.

“Key on, engine off position” refers to a vehicle with the ignition key in the engine
run position (not engine crank or accessory position) but with the engine not
running.

“Malfunction” means any deterioration or failure of a component or system that
causes the performance to be outside of the applicable limits in sections (e) through
(9).

“Manufacturer” for the purpose of this regulation means the holder of the
Executive Order for the engine family.

“MIL-on fault code,” for purposes of engines using SAE J1939, refers to the
diagnostic trouble code stored when an OBD system has confirmed that a
malfunction exists (e.g., typically on the second driving cycle that the malfunction is
detected) and has commanded the MIL on in accordance with the requirements of
sections (d)(2), (e), (9), and (h)(4.4).

“Non-volatile random access memory (NVRAM),” for the purposes of this
regulation, is defined as a type of memory that retains its contents even when power
to the on-board control unit is interrupted (e.g., vehicle battery disconnected, fuse to
control unit removed). NVRAM is typically made non-volatile either by use of a
back-up battery within the control unit or through the use of an electrically erasable
and programmable read-only memory (EEPROM) chip.

“Not-To-Exceed (NTE) control area” refers to the bounded region of the engine’s
torque and speed map, as defined in 40 CFR 86.1370-2007, where emissions must
not exceed a specific emission cap for a given pollutant under the NTE requirement.

“Manufacturer-specific NOx NTE carve-out area” refers to regions within the

NTE control area for NOx where the manufacturer has limited NTE testing as

allowed by 40 CFR 86.1370-2007(b)(7).




“Manufacturer-specific PM NTE carve-out area” refers to regions within the

NTE control area for PM where the manufacturer has limited NTE testing as

allowed by 40 CFR 86.1370-2007(b)(7).

“NTE deficiency” refers to regions or conditions within the NTE control area
for NOx or PM where the manufacturer has received a deficiency as allowed by

40 CFR 86.007-11(a)(4)(iv).

“OBD group” refers to a combination of engines, engine families, or engine
ratings that use the same OBD strategies and similar calibrations. A manufacturer
is required to submit a grouping plan for Executive Officer review and approval
detailing the OBD groups and the engine families and engine ratings within each
group for a model year.

“Pending fault code” is defined as the diagnostic trouble code stored upon the
initial detection of a malfunction (e.g., typically on a single driving cycle) prior to
illumination of the MIL in accordance with the requirements of sections (d)(2), (e)
through (g), and (h)(4.4).

“Permanent fault code” is defined as a confirmed or MIL-on fault code that is
currently-commanding-the-Mien-andds stored in NVRAM as specified in sections
(d)(2) and (h)(4.4).

“Percentage of misfire” as used in sections (e)(2) and (f)(2) means the
percentage of misfires out of the total number of firing events for the specified
interval.

“Power Take-Off (PTO) unit” refers to an engine driven output provision for the
purposes of powering auxiliary equipment (e.g., a dump-truck bed, aerial bucket, or
tow-truck winch).

“Previously MIL-on fault code,” for purposes of engines using SAE J1939, is
defined as the diagnostic trouble code stored when an OBD system has confirmed
that a malfunction no longer exists (e.g., after the third consecutive driving cycle in
which the corresponding monitor runs and the malfunction is not detected),
extinguishes the MIL, and erases the corresponding MIL-on fault code in
accordance with the requirements of sections (d)(2), (e), (g), and (h)(4.4).

“Propulsion system active” is the state where the powertrain (e.g., engine,
electric machine) is enabled by the driver (e.q., after ignition on for conventional
vehicles, after power button pushed for some hybrid vehicles) such that the vehicle
is ready to be used (e.q., vehicle is ready to be driven, ready to be shifted from
“park” to “drive”). For purposes of this definition, “the state where the powertrain is
enabled” does not include activations that are not driver-initiated (e.g., conditions
where portions of the vehicle system wake up to perform OBD monitoring).

“Rationality fault diagnostic” for an input component means verification of the
accuracy of the input signal while in the range of normal operation and when
compared to all other available information.

“Redline engine speed” shall be defined by the manufacturer as either the
recommended maximum engine speed as normally displayed on instrument panel
tachometers or the engine speed at which fuel shutoff occurs.

“Response rate” for exhaust gas sensors refers to the delay from when the
sensor is exposed to a different make-up of exhaust gas constituents until it outputs
a signal reflecting the different make-up of exhaust gas constituents. For example,
for oxygen sensors, response rate is the delay from when the oxygen sensor is
exposed to a change in exhaust gas from richer/leaner than stoichiometric to
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leaner/richer than stoichiometric to the time when the oxygen sensor indicates the
lean/rich condition. Similarly, for wide-range air-fuel (A/F) sensors, response rate is
the delay from when the sensor is exposed to a different A/F ratio to the time it
indicates the different A/F ratio. For NOx and PM sensors, response rate is the
delay from when the sensor is exposed to a different NOx or PM exhaust gas level
until it indicates the different NOx or PM exhaust gas level.

“Secondary air” refers to air introduced into the exhaust system by means of a
pump or aspirator valve or other means that is intended to aid in the oxidation of HC
and CO contained in the exhaust gas stream.

“Similar conditions” as used in sections (e)(1), (e)(2), (f)(1), and (f)(2) means
engine conditions having an engine speed within 375 rpm, load conditions within 20
percent, and the same warm-up status (i.e., cold or hot) as the engine conditions
stored pursuant to (e)(1.4.2)(E), (e)(2.4.2)(C), (f)(1.4.5), and (f)(2.4.4). The
Executive Officer may approve other definitions of similar conditions based on
comparable timeliness and reliability in detecting similar engine operation.

“*Small volume manufacturer” is defined in title 13, CCR section 1900(b), with the
exception that California sales of less than 1200 heavy-duty engines will be used in
lieu of 4500 heavy-duty engines.

“Start of production” is the time when the manufacturer has produced two
percent of the projected volume for the engine or vehicle, whichever is specified in
sections (k) and (I).

“Supplemental Emission Test (SET) cycle” refers to the driving schedule defined
as the “supplemental steady state emission test” in 40 CFR 86.1360-2007.

“SET standard” refers to the certification exhaust emission standards and test
procedures applicable to the SET cycle incorporated by reference in title 13, CCR
sections 1956.8(b) and (d) to which the engine is certified

“Warm-up cycle” means a driving cycle with sufficient vehicle operation such that
the coolant temperature has risen by at least 40 degrees Fahrenheit from engine
start and reaches a minimum temperature of at least 160 degrees Fahrenheit (140
degrees Fahrenheit for applications with diesel engines). Alternatively,
manufacturers may define warm-up cycle as a driving cycle with vehicle operation in
which the following criteria are met: for vehicles using the 1ISO 15765-4 protocol, the

manufacturers may use the criteria specified in sections (d)(2.3.1)(C)(ii)b.3.i., ii., and
iii. herein, and for vehicles using the SAE J1939 protocol, the manufacturer may use
the criteria specified in sections (d)(2.3.2)(D)(ii)b.3.i., ii., and iii. herein.

“Weighted sales number” means a manufacturer’s projected sales number for
engines to be used in California heavy-duty vehicles multiplied by a weight class
factor. Sales numbers for diesel engines for heavy-duty vehicles less than 19,499
pounds GVWR shall be multiplied by 1.0. Sales numbers for diesel engines for
heavy-duty vehicles from 19,500 to 33,000 pounds shall be multiplied by 1.68.
Sales numbers for diesel engines for heavy-duty vehicles greater than 33,000
pounds and urban buses shall be multiplied by 3.95. Sales numbers for all gasoline
engines for heavy-duty vehicles shall be multiplied by 1.0.

(d) General Requirements.
Section (d) sets forth the general requirements of the OBD system. Specific
performance requirements for components and systems that shall be monitored are
set forth in sections (e) through (g) below. The OBD system is required to detect all
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malfunctions specified in sections (e) through (g). However, except as specified
elsewhere, the OBD system is not required to use a unique monitor to detect each
malfunction specified.

1) The OBD System.

(1.1)

(1.2)

(1.3)

(1.4)

If a malfunction is present as specified in sections (e) through (g), the OBD
system shall detect the malfunction, store a pending, confirmed, MIL-on, or
previously MIL-on fault code in the onboard computer’'s memory, and
illuminate the MIL as required.

The OBD system shall be equipped with a standardized data link connector
to provide access to the stored fault codes as specified in section (h).

The OBD system shall be designed to operate, without any required
scheduled maintenance, for the actual life of the engine in which it is installed
and may not be programmed or otherwise designed to deactivate based on
age and/or mileage of the vehicle during the actual life of the engine. This
section is not intended to alter existing law and enforcement practice
regarding a manufacturer’s liability for an engine beyond its useful life, except
where an engine has been programmed or otherwise designed so that an
OBD system deactivates based on age and/or mileage of the engine.
Computer-coded engine operating parameters may not be changeable
without the use of specialized tools and procedures (e.g. soldered or potted
computer components or sealed (or soldered) computer enclosures). Subject
to Executive Officer approval, manufacturers may exempt from this
requirement those product lines that are unlikely to require protection.
Criteria to be evaluated in making an exemption include current availability of
performance chips, performance capability of the engine, and sales volume.

@) MIL and Fault Code Requirements.

(2.1)

MIL Specifications.

(2.1.1) The MIL shall be located on the driver's side instrument panel and be of

sufficient illumination and location to be readily visible under all lighting
conditions and shall be amber in color when illuminated. The MIL, when
illuminated, shall display the International Standards Organization (1ISO)
engine symbol. There shall be only one MIL used to indicate all faults
detected by the OBD system on a single vehicle.

(2.1.2) The MIL shall illuminate in the key on, engine off position before engine

cranking to indicate that the MIL is functional. The MIL shall continuously
illuminate during this functional check for a minimum of 15-20 seconds.
During this functional check of the MIL, the data stream value for MIL
status shall indicate commanded off (see section (h)(4.2)) unless the MIL
has also been commanded on for a detected malfunction. This functional
check of the MIL is not required during vehicle operation in the key on,
engine off position subsequent to the initial engine cranking of an ignition
cycle (e.g., due to an engine stall or other non-commanded engine
shutoff).

(2.1.3) At the manufacturer's option, the MIL may be used to indicate readiness

status in a standardized format (see section (h)(4.1.36)) in the key on,
engine off position.

(2.1.4) A manufacturer may request Executive Officer approval to also use the

MIL to indicate which, if any, fault codes are currently stored (e.g., to
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“blink” the stored codes). The Executive Officer shall approve the request
upon determining that the manufacturer has demonstrated that the
method used to indicate the fault codes will not be unintentionally
activated during a California inspection test or during routine driver
operation.

(2.1.5) The MIL may not be used for any purpose other than specified in this
regulation.

(2.2) MIL Illlumination and Fault Code Storage Protocol.

(2.2.1) For vehicles using the 1ISO 15765-4 protocol for the standardized functions

required in section (h):

(A) Upon detection of a malfunction, the OBD system shall store a pending
fault code within 10 seconds indicating the likely area of the malfunction.

(B) After storage of a pending fault code, if the identified malfunction is again
detected before the end of the next driving cycle in which monitoring
occurs, the OBD system shall illuminate the MIL continuously, keep the
pending fault code stored, and store a confirmed fault code within 10
seconds. If a malfunction is not detected before the end of the next
driving cycle in which monitoring occurs (i.e., there is no indication of the
malfunction at any time during the driving cycle), the corresponding
pending fault code set according to section (d)(2.2.1)(A) shall be erased at
the end of the driving cycle.

(C) A manufacturer may request Executive Officer approval to employ
alternate statistical MIL illumination and fault code storage protocols to
those specified in these requirements. The Executive Officer shall grant
approval upon determining that the manufacturer has provided data
and/or engineering evaluation that demonstrate that the alternative
protocols can evaluate system performance and detect malfunctions in a
manner that is equally effective and timely. Strategies requiring on
average more than six driving cycles for MIL illumination may not be
accepted.

(D) Storage and erasure of freeze frame conditions.

() The OBD system shall store and erase “freeze frame” conditions (as
defined in section (h)(4.3)) present at the time a malfunction is
detected.

(i) Fhe-storage-and-erasure-of For 2010 through 2015 model year
engines, the OBD system shall store and erase freeze frame
conditions shall-be-dene in conjunction with the storage and erasure of
either pending or confirmed fault codes as required elsewhere in
section (d)(2.2).

(iii) For 2016 and subsequent model year engines, except as provided for
in section (d)(2.2.1)(D)(iv), the OBD system shall store freeze frame
conditions in conjunction with the storage of a pending fault code.

a. If the pending fault code is erased in the next driving cycle in which
monitoring occurs and a malfunction is not detected (as described
in section (d)(2.2.1)(B)), the OBD system may erase the
corresponding freeze frame conditions.

b. If the pending fault code matures to a confirmed fault code (as
described in section (d)(2.2.1)(B)), the OBD system shall either
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retain the currently stored freeze frame conditions or replace the

stored freeze frame conditions with freeze frame conditions

regarding the confirmed fault code. The OBD system shall erase

the freeze frame information in conjunction with the erasure of the

confirmed fault code (as described under section (d)(2.3.1)(B)).

(iv) For alternate strategies that do not store pending fault codes (i.e.,

monitors using alternate statistical strategies described in section
(d)(2.2.1)(C) such as monitors that store a confirmed fault code and
illuminate the MIL upon the first detection of a malfunction), the OBD
system shall store and erase freeze frame conditions in conjunction
with the storage and erasure of the confirmed fault code.

(E) The OBD system shall illuminate the MIL and store a confirmed fault code
within 10 seconds to inform the vehicle operator whenever the engine
enters a default or “limp home” mode of operation that can affect
emissions or the performance of the OBD system or in the event of a
malfunction of an on-board computer(s) itself that can affect the
performance of the OBD system. If the default or “limp home” mode of
operation is recoverable (i.e., the diagnostic or control strategy that
caused the default or “limp home” mode of operation can run on the next
driving cycle and confirm the presence of the condition that caused the
default or “limp home” operation), the OBD system may, in lieu of
illuminating the MIL within 10 seconds on the first driving cycle where the
default or “limp home” mode of operation is entered, delay illumination of
the MIL until the condition causing the default or “limp home” mode of
operation is again detected before the end of the next driving cycle.

(F) Before the end of an ignition cycle, the OBD system shall store confirmed
fault codes that are currently causing the MIL to be illuminated in NVRAM
as permanent fault codes (as defined in section (h)(4.4.1)(F)).

(2.2.2) For vehicles using the SAE J1939 protocol for the standardized functions
required in section (h):

(A) Upon detection of a malfunction, the OBD system shall store a pending
fault code within 10 seconds indicating the likely area of the malfunction.

(B) After storage of a pending fault code, if the identified malfunction is again
detected before the end of the next driving cycle in which monitoring
occurs, the OBD system shall illuminate the MIL continuously, erase the
pending fault code, and store a MIL-on fault code within 10 seconds. If a
malfunction is not detected before the end of the next driving cycle in
which monitoring occurs (i.e., there is no indication of the malfunction at
any time during the driving cycle), the corresponding pending fault code
set according to section (d)(2.2.2)(A) shall be erased at the end of the
driving cycle.

(C) A manufacturer may request Executive Officer approval to employ
alternate statistical MIL illumination and fault code storage protocols to
those specified in these requirements. The Executive Officer shall grant
approval upon determining that the manufacturer has provided data
and/or engineering evaluation that demonstrate that the alternative
protocols can evaluate system performance and detect malfunctions in a
manner that is equally effective and timely. Strategies requiring on
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average more than six driving cycles for MIL illumination may not be

accepted.

(D) Storage and erasure of freeze frame conditions.

(i) The OBD system shall store and erase “freeze frame” conditions (as
defined in section (h)(4.3)) present at the time a malfunction is
detected.

(i) The OBD system shall store freeze frame conditions in conjunction
with the storage of a pending fault code.

(iii) If the pending fault code is erased in the next driving cycle in which
monitoring occurs and a malfunction is not detected (as described
under section (d)(2.2.2)(B)), the OBD system may erase the
corresponding freeze frame conditions.

(iv) If the pending fault code matures to a MIL-on fault code (as described
under section (d)(2.2.2)(B)), the OBD system shall either retain the
currently stored freeze frame conditions or replace the stored freeze
frame conditions with freeze frame conditions regarding the MIL-on
fault code. The OBD system shall erase the freeze frame information
in conjunction with the erasure of the previously MIL-on fault code (as
described under section (d)(2.3.2)(C)).

(v) For alternate strategies that do not store pending fault codes (i.e.,
monitors using alternate statistical strategies described in section
(d)(2.2.1)(C) such as monitors that store a MIL-on fault code and
illuminate the MIL upon the first detection of a malfunction), the OBD
system shall store and erase freeze frame conditions in conjunction
with the storage and erasure of the MIL-on fault code.

(E) The OBD system shall illuminate the MIL and store a MIL-on fault code
within 10 seconds to inform the vehicle operator whenever the engine
enters a default or “limp home” mode of operation that can affect
emissions or the performance of the OBD system or in the event of a
malfunction of an on-board computer(s) itself that can affect the
performance of the OBD system. If the default or “limp home” mode of
operation is recoverable (i.e., the diagnostic or control strategy that
caused the default or “limp home” mode of operation can run on the next
driving cycle and confirm the presence of the condition that caused the
default or “limp home” operation), the OBD system may, in lieu of
illuminating the MIL within 10 seconds on the first driving cycle where the
default or “limp home” mode of operation is entered, delay illumination of
the MIL until the condition causing the default or “limp home” mode of
operation is again detected before the end of the next driving cycle.

(F) Before the end of an ignition cycle, the OBD system shall store MIL-on
fault codes that are currently causing the MIL to be illuminated in NVRAM
as permanent fault codes (as defined in section (h)(4.4.2)(F)).

(2.3) MIL Extinguishing and Fault Code Erasure Protocol.
(2.3.1) For vehicles using the 1ISO 15765-4 protocol for the standardized functions

required in section (h):

(A) Extinguishing the MIL. Except as otherwise provided in sections
(e)(1.4.2)(F), (e)(2.4.2)(D), (e)(6.4.2), (f)(1.4.6), (f)(2.4.5), and (f)(7.4.2)
(for diesel fuel system, diesel misfire, diesel empty reductant tank,
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gasoline fuel system, gasoline misfire, and gasoline evaporative system

malfunctions), once the MIL has been illuminated, it may shall be

extinguished after at least three subsequent sequential driving cycles

during which the monitoring system responsible for illuminating the MIL

functions and the previously detected malfunction is no longer present

provided no other malfunction has been detected that would
independently illuminate the MIL according to the requirements outlined
above.

(B) Erasing a confirmed fault code. For 2010 through 2015 model year
engines, Fthe OBD system may erase a confirmed fault code if the
identified malfunction has not been again detected in at least 40 ergine
warm-up cycles and the MIL is presently not illuminated for that
malfunction._For 2016 and subsequent model year engines, the OBD
system shall erase a confirmed fault code if the identified malfunction has
not been again detected in 40 warm-up cycles and the MIL is presently
not illuminated for that malfunction.

(C) Erasing a permanent fault code.

(i) If the OBD system is commanding the MIL on, the OBD system shall
erase a permanent fault code only if the OBD system itself determines
that the malfunction that caused the permanent fault code to be stored
is no longer present and is not commanding the MIL on, pursuant to
the requirements of section (d)(2.3.1)(A) (which for the purposes of
this section shall apply to all monitors). Erasure of the permanent fault
code shall occur in conjunction with extinguishing the MIL or no later
than the start of the first drive cycle that begins with the MIL
commanded off.

(i) If all fault information in the on-board computer other than the
permanent fault code has been cleared (i.e., through the use of a scan
tool or battery disconnect) and the OBD system is not commanding the
MIL on:

a. Except as provided for in section (d)(2.3.1)(C)(ii)c., if the monitor of
the malfunction that caused the permanent fault code to be stored
is subject to the minimum ratio requirements of section (d)(3.2)
(e.g., catalyst monitor, comprehensive component input component
rationality monitors), the OBD system shall erase the permanent
fault code at the end of a driving cycle if the monitor has run and
made one or more determinations during a driving cycle that the
malfunction of the component or the system is not present and has
not made any determinations within the same driving cycle that the
malfunction is present.

b. If the monitor of the malfunction that caused the permanent fault
code to be stored is not subject to the minimum ratio requirements
of section (d)(3.2) (e.g., gasoline misfire monitor, gasoline fuel
system monitor, comprehensive component circuit continuity
monitors), the OBD system shall erase the permanent fault code at
the end of a driving cycle if:

1. The monitor has run and made one or more determinations
during a driving cycle that the malfunction of the component or
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the system is not present and has not made any determinations

within the same driving cycle that the malfunction is present;

2. The monitor has not made any determinations that the
malfunction is present subsequent to the most recent driving
cycle in which the criteria of section (d)(2.3.1)(C)(i))b.1. are met;
and

3. The following criteria are satisfied on any single driving cycle
(which may be a different driving cycle than that in which the
criteria of section (d)( 2.3.1)(C)(ii)b.1. are satisfied):

i. Except as provided in section (d)(2.3.1)(C)(i))b.3.v. below,
Scumulative time since engine start is greater than or equal
to 600 seconds;

ii. Cumulative gasoline engine operation at or above 25 miles
per hour or diesel engine operation at or above 1150 rpm,
either of which occurs for greater than or equal to 300
seconds;

iii. Continuous vehicle operation at idle (i.e., accelerator pedal
released by driver and either vehicle speed less than or
equal to one mile per hour or engine speed less than or
equal to 200 rpm above normal warmed-up idle (as
determined in the drive position for vehicles equipped with
an automatic transmission)) for greater than or equal to 30
seconds; and

iv. The monitor has not made any determinations that the
malfunction is present.

v. For hybrid vehicles, manufacturers shall use “cumulative
propulsion system active time” in lieu of “cumulative time
since engine start” for the criterion in section
(d)(2.3.1)(C)(ii)b.3.i.

4. Monitors required to use “similar conditions” as defined in
section (c) to store and erase pending and confirmed fault
codes may not require that the similar conditions be met prior to
erasure of the permanent fault code.

c. For monitors subject to section (d)(2.3.1)(C)(ii)a., the manufacturer
may choose to erase the permanent fault code using the criteria
under section (d)(2.3.1)(C)(ii)b. in lieu of the criteria under section
(d)(2.3.2)(C)(ii)a.

d. For 2010 through 2012 model year engines, manufacturers may
request Executive Officer approval to use alternate criteria to erase
the permanent fault code. The Executive Officer shall approve
alternate criteria that will not likely require driving conditions that
are longer and more difficult to meet than those required under
section (d)(2.3.1)(C)(ii)b.

(2.3.2) For vehicles using the SAE J1939 protocol for the standardized functions
required in section (h):
(A) Extinguishing the MIL. Except as otherwise provided in sections
(e)(1.4.2)(F), (e)(2.4.2)(D) and (e)(6.4.2) for fuel system malfunctions,
misfire malfunctions, and empty reductant tanks, once the MIL has been
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illuminated, it may shall be extinguished after at least three subsequent

sequential driving cycles during which the monitoring system responsible

for illuminating the MIL functions and the previously detected malfunction
is no longer present provided no other malfunction has been detected that
would independently illuminate the MIL according to the requirements
outlined above.

(B) Erasing a MIL-on fault code. The OBD system may erase a MIL-on fault
code in conjunction with extinguishing the MIL as described under section
(d)(2.3.2)(A). In addition to the erasure of the MIL-on fault code, the OBD
system shall store a previously MIL-on fault code for that failure.

(C) Erasing a previously MIL-on fault code. For 2010 through 2015 model
year engines, Fthe OBD system may erase a previously MIL-on fault code
if the identified malfunction has not been again detected in at least 40
engie warm-up cycles and the MIL is presently not illuminated for that
malfunction. For 2016 and subsequent model year engines, the OBD
system shall erase a previously MIL-on fault code if the identified
malfunction has not been again detected in 40 warm-up cycles and the
MIL is presently not illuminated for that malfunction.

(D) Erasing a permanent fault code. The OBD system shall erase a
permanent fault code under the following conditions:

(i) If the OBD system is commanding the MIL on, the OBD system shall
erase a permanent fault code only if the OBD system itself determines
that the malfunction that caused the permanent fault code to be stored
is no longer present and is not commanding the MIL on, pursuant to
the requirements of section (d)(2.3.2)(A) (which for the purposes of
this section shall apply to all monitors). Erasure of the permanent fault
code shall occur in conjunction with extinguishing the MIL or no later
than the start of the first drive cycle that begins with the MIL
commanded off.

(i) If all fault information in the on-board computer has been cleared (i.e.,
through the use of a scan tool or battery disconnect) and the OBD
system is not commanding the MIL on:

a. Except as provided for in section (d)(2.3.2)(D)(ii)c., if the monitor of
the malfunction that caused the permanent fault code to be stored
is subject to the minimum ratio requirements of section (d)(3.2)
(e.g., catalyst monitor, comprehensive component input component
rationality monitors), the OBD system shall erase the permanent
fault code at the end of a driving cycle if the monitor has run and
made one or more determinations during a driving cycle that the
malfunction of the component or the system is not present and has
not made any determinations within the same driving cycle that the
malfunction is present.

b. If the monitor of the malfunction that caused the permanent fault
code to be stored is not subject to the minimum ratio requirements
of section (d)(3.2) (e.g., continuous diesel fuel system monitors,
comprehensive component circuit continuity monitors), the OBD
system shall erase the permanent fault code at the end of a driving
cycle if:
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1. The monitor has run and made one or more determinations
during a driving cycle that the malfunction of the component or
the system is not present and has not made any determinations
within the same driving cycle that the malfunction is present;

2. The monitor has not made any determinations that the
malfunction is present subsequent to the most recent driving
cycle in which the criteria of section (d)(2.3.2)(D)(i))b.1. are met;
and

3. The following criteria are satisfied on any single driving cycle
(which may be a different driving cycle than that in which the
criteria of section (d)(2.3.2)(D)(ii)b.1. are satisfied):

i. Except as provided in section (d)(2.3.2)(D)(i))b.3.v. below,
Scumulative time since engine start is greater than or equal
to 600 seconds;

ii. Cumulative gasoline engine operation at or above 25 miles
per hour or diesel engine operation at or above 1150 rpm,
either of which occurs for greater than or equal to 300
seconds;

iii. Continuous vehicle operation at idle (i.e., accelerator pedal
released by driver and either vehicle speed less than or
equal to one mile per hour or engine speed less than or
equal to 200 rpm above normal warmed-up idle (as
determined in the drive position for vehicles equipped with
an automatic transmission)) for greater than or equal to 30
seconds; and

iv. The monitor has not made any determinations that the
malfunction is present.

v. For hybrid vehicles, manufacturers shall use “cumulative
propulsion system active time” in lieu of “cumulative time
since engine start” for the criterion in section
(d)(2.3.2)(D)(ii)b.3.i.

4. Monitors required to use “similar conditions” as defined in
section (c) to store and erase pending and confirmed/MIL-on
fault codes may not require that the similar conditions be met
prior to erasure of the permanent fault code.

c. For monitors subject to section (d)(2.3.2)(D)(ii)a., the manufacturer
may choose to erase the permanent fault code using the criteria
under section (d)(2.3.2)(D)(ii)b. in lieu of the criteria under section
(d)(2.3.2)(D)(ii)a.

d. For 2010 through 2012 model year engines, manufacturers may
request Executive Officer approval to use alternate criteria to erase
the permanent fault code. The Executive Officer shall approve
alternate criteria that will not likely require driving conditions that
are longer and more difficult to meet than those required under
section (d)(2.3.2)(D)(ii)b.

(2.4) Exceptions to MIL and Fault Code Requirements.
(2.4.1) If the engine enters a default mode of operation, a manufacturer may
request Executive Officer approval to be exempt from illuminating the MIL
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©)

. The Executive
Officer shall approve the request upon determining that the manufacturer
has submitted data and/or engineering evaluation that verify the
conditions-belew either of the following:

(A) The default strategy (1) causes an overt indication (e.g., illumination of a
red engine shut-down warning light) such that the driver is certain to
respond and have the problem corrected, and (2) is not caused by o
invoked-toprotect-a component required to be monitored by the OBD
system under sections (e) through (g), and (3) is not invoked to protect a
component required to be monitored by the OBD system under sections
(e) through (q); or

(B) The default strategy is an AECD that is properly activated due to the
occurrence of conditions that have been approved by the Executive
Officer.

(2.4.2) For gasoline engines, a manufacturer may elect to meet the MIL and fault
code requirements in title 13, CCR section 1968.2(d)(2) in lieu of meeting
the requirements of (d)(2).

Monitoring Conditions.

Section (d)(3) sets forth the general monitoring requirements while sections (e)

through (g) sets forth the specific monitoring requirements as well as identifies

which of the following general monitoring requirements in section (d)(3) are

applicable for each monitored component or system identified in sections (e)

through (g).

(3.1) For all engines:

(3.1.1) As specifically provided for in sections (e) through (g), manufacturers shall
define monitoring conditions, subject to Executive Officer approval, for
detecting malfunctions identified in sections (e) through (g). The
Executive Officer shall approve manufacturer-defined monitoring
conditions that are determined (based on manufacturer-submitted data
and/or other engineering documentation) to be: technically necessary to
ensure robust detection of malfunctions (e.g., avoid false passes and
false indications of malfunctions); designed to ensure monitoring will occur
under conditions that may reasonably be expected to be encountered in
normal vehicle operation and use; and designed to ensure monitoring will
occur during the FTP cycle.

(3.1.2) Monitoring shall occur at least once per driving cycle in which the
monitoring conditions are met.

(3.1.3) Manufacturers may request Executive Officer approval to define
monitoring conditions that are not encountered during the FTP cycle as
required in section (d)(3.1.1). In evaluating the manufacturer's request,
the Executive Officer shall consider the degree to which the requirement
to run during the FTP cycle restricts in-use monitoring, the technical
necessity for defining monitoring conditions that are not encountered
during the FTP cycle, data and/or an engineering evaluation submitted by
the manufacturer which demonstrate that the component/system does not
normally function, or monitoring is otherwise not feasible, during the FTP
cycle, and, where applicable in section (d)(3.2), the ability of the
manufacturer to demonstrate the monitoring conditions will satisfy the
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minimum acceptable in-use monitor performance ratio requirement as
defined in section (d)(3.2) (e.g., data which show in-use driving meets the
minimum requirements).

(3.2) As specifically provided for in sections (e) through (g), manufacturers shall
define monitoring conditions in accordance with the criteria in sections
(d)(3.2.1) through (3.2.3).

(3.2.1) Manufacturers shall implement software algorithms in the OBD system to
individually track and report in-use performance of the following monitors
in the standardized format specified in section (d)(5):

(A) NMHC converting catalyst (section (e)(5.3.1))

(B) NOx converting catalyst (section (e)(6.3.1))

(C) Catalyst (section (f)(6.3));

(D) Exhaust gas sensor (sections (€)(9.3.1)(A) or (f)(8.3.1)(A));

(E) Evaporative system (section (f)(7.3.2));

(F) EGR system (sections (€)(3.3.2) and (3.3.3) or (f)(3.3.1)) and VVT system
(sections (e)(10.3) or (f)(9.3));

(G) Secondary air system (section (f)(5.3.1));

(H) PM filter (section (e)(8.3));

(I) Boost pressure control system (sections (e)(4.3.2) and (e)(4.3.3));

(J) NOx adsorber (section (e)(7.3.1));

(K) Fuel system (section (e)(1.3.3)); and

(L) Secondary oxygen sensor (section (f)(8.3.2)(A)).
The OBD system is not required to track and report in-use performance
for monitors other than those specifically identified above.

(3.2.2) For all 2013 and subsequent model year engines, manufacturers shall
define monitoring conditions that, in addition to meeting the criteria in
sections (d)(3.1) and (d)(3.2.1), ensure that the monitor yields an in-use
performance ratio (as defined in section (d)(4)) that meets or exceeds the
minimum acceptable in-use monitor performance ratio for in-use vehicles.
For purposes of this regulation, the minimum acceptable in-use monitor
performance ratio is 0.100 for all monitors specifically required in sections
(e) through (g) to meet the monitoring condition requirements of section
(d)(3.2).

(3.2.3) Manufacturers may not use the calculated ratio (or any element thereof) or
any other indication of monitor frequency as a monitoring condition for a
monitor (e.g., using a low ratio to enable more frequent monitoring
through diagnostic executive priority or modification of other monitoring
conditions, or using a high ratio to enable less frequent monitoring).

(3.2.4) Upon request of a manufacturer or upon the best engineering judgment of
ARB, the Executive Officer may revise the minimum acceptable in-use
monitoring performance ratio specified in section (d)(3.2.2) for a specific
monitor if the most reliable monitoring method developed requires a lower
ratio.

4) In-Use Monitor Performance Ratio Definition.

(4.1) For monitors required to meet the requirements in section (d)(3.2), the ratio
shall be calculated in accordance with the following specifications for the
numerator, denominator, and ratio.

(4.2) Numerator Specifications
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(4.2.1) Definition: The numerator is defined as a measure of the number of times
a vehicle has been operated such that all monitoring conditions necessary
for a specific monitor to detect a malfunction have been encountered.

(4.2.2) Specifications for incrementing:

(A) Except as provided for in section (d)(4.2.2)(E), the numerator, when
incremented, shall be incremented by an integer of one. The numerator
may not be incremented more than once per driving cycle.

(B) The numerator for a specific monitor shall be incremented within 10
seconds if and only if the following criteria are satisfied on a single driving
cycle:

(i) Every monitoring condition necessary for the monitor of the specific
component to detect a malfunction and store a pending fault code has
been satisfied, including enable criteria, presence or absence of
related fault codes, sufficient length of monitoring time, and diagnostic
executive priority assignments (e.g., diagnostic “A” must execute prior
to diagnostic “B”). For the purpose of incrementing the numerator,
satisfying all the monitoring conditions necessary for a monitor to
determine the component is passing may not, by itself, be sufficient to
meet this criteria.

(i) For monitors that require multiple stages or events in a single driving
cycle to detect a malfunction, every monitoring condition necessary for
all events to have completed must be satisfied.

(iif) For monitors that require intrusive operation of components to detect a
malfunction, a manufacturer shall request Executive Officer approval
of the strategy used to determine that, had a malfunction been
present, the monitor would have detected the malfunction. Executive
Officer approval of the request shall be based on the equivalence of
the strategy to actual intrusive operation and the ability of the strategy
to accurately determine if every monitoring condition necessary for the
intrusive event to occur was satisfied.

(iv) For the secondary air system monitor, the criteria in sections
(d)(4.2.2)(B)(i) through (iii) above are satisfied during normal operation
of the secondary air system. Monitoring during intrusive operation of
the secondary air system later in the same driving cycle solely for the
purpose of monitoring may not, by itself, be sufficient to meet this
criteria.

(C) For monitors that can generate results in a “gray zone” or “non-detection
zone” (i.e., results that indicate neither a passing system nor a
malfunctioning system) or in a “non-decision zone” (e.g., monitors that
increment and decrement counters until a pass or fail threshold is
reached), the manufacturer shall submit a plan for appropriate
incrementing of the numerator to the Executive Officer for review and
approval. In general, the Executive Officer shall not approve plans that
allow the numerator to be incremented when the monitor indicates a result
in the “non-detection zone” or prior to the monitor reaching a decision. In
reviewing the plan for approval, the Executive Officer shall consider data
and/or engineering evaluation submitted by the manufacturer
demonstrating the expected frequency of results in the “non-detection
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zone” and the ability of the monitor to accurately determine if a monitor

would have detected a malfunction instead of a result in the “non-

detection zone” had an actual malfunction been present.

(D) For monitors that run or complete during engine-off operation, the
numerator shall be incremented within 10 seconds after the monitor has
completed during engine-off operation or during the first 10 seconds of
engine start on the subsequent driving cycle.

(E) Except as specified in section (d)(4.2.2)(F) for exponentially weighted
moving averages, manufacturers utilizing alternate statistical MIL
illumination protocols as allowed in sections (d)(2.2.1)(C) and (d)(2.2.2)(C)
for any of the monitors requiring a numerator shall submit a plan for
appropriate incrementing of the numerator to the Executive Officer for
review and approval. Executive Officer approval of the plan shall be
conditioned upon the manufacturer providing supporting data and/or
engineering evaluation demonstrating the equivalence of the incrementing
in the manufacturer's plan to the incrementing specified in section
(d)(4.2.2) for monitors using the standard MIL illumination protocol and the
overall equivalence of the manufacturer's plan in determining that the
minimum acceptable in-use performance ratio in section (d)(3.2) is
satisfied.

(F) Manufacturers using an exponentially weighted moving average (EWMA)
as the alternate statistical MIL illumination protocol approved in
accordance with sections (d)(2.2.1)(C) and (d)(2.2.2)(C) shall increment
the numerator as follows:

(i) Following a reset or erasure of the EWMA result, the numerator may
not be incremented until after the requisite number of decisions
necessary for MIL illumination have been fully executed.

(i) After the number of decisions required in section (d)(4.2.2)(F)(i) above,
the numerator, when incremented, shall be incremented by an integer
of one and may not be incremented more than once per driving cycle.
Incrementing of the numerator shall also be in accordance with
sections (d)(4.2.2)(B), (C), and (D).

(4.3) Denominator Specifications
(4.3.1) Definition: The denominator is defined as a measure of the number of
times a vehicle has been operated as defined in (d)(4.3.2).
(4.3.2) Specifications for incrementing:

(A) The denominator, when incremented, shall be incremented by an integer
of one. The denominator may not be incremented more than once per
driving cycle.

(B) Except as provided for in sections (d)(4.3.2)(F), (1), and (J), Fthe
denominator for each monitor shall be incremented within 10 seconds if
and only if the following criteria are satisfied on a single driving cycle:

() Cumulative time since engine start of driving cycle is greater than or
equal to 600 seconds while at an elevation of less than 8,000 feet
above sea level and at an ambient temperature of greater than or
equal to 20 degrees Fahrenheit;

(i) Cumulative gasoline engine operation at or above 25 miles per hour or
diesel engine operation at or above 1150 rpm, either of which occurs
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for greater than or equal to 300 seconds while at an elevation of less
than 8,000 feet above sea level and at an ambient temperature of
greater than or equal to 20 degrees Fahrenheit; and

(iif) Continuous vehicle operation at idle (i.e., accelerator pedal released
by driver and either vehicle speed less than or equal to one mile per
hour or engine speed less than or equal to 200 rpm above normal
warmed-up idle (as determined in the drive position for vehicles
equipped with an automatic transmission)) for greater than or equal to
30 seconds while at an elevation of less than 8,000 feet above sea
level and at an ambient temperature of greater than or equal to 20
degrees Fahrenheit.

(iv) For 2010 through 2012 model year diesel engines, manufacturers may
use diesel engine operation at or above 15% calculated load in lieu of
1150 rpm for the criterion in section (d)(4.3.2)(B)(ii) above.

(C) In addition to the requirements of section (d)(4.3.2)(B) above, for the
evaporative system monitor-denreminater(s), the comprehensive
component input component temperature sensor rationality monitors
(section (g)(3)) (e.q., intake air temperature sensor, ambient temperature
sensor, fuel temperature sensor), and the engine cooling system input
components (section (g)(1)), the denominator(s) shall be incremented if
and only if:

() Cumulative time since engine start of driving cycle is greater than or
equal to 600 seconds while at an ambient temperature of greater than
or equal to 40 degrees Fahrenheit but less than or equal to 95 degrees
Fahrenheit; and

(i) Engine cold start occurs with engine coolant temperature at engine
start greater than or equal to 40 degrees Fahrenheit but less than or
equal to 95 degrees Fahrenheit and less than or equal to 12 degrees
Fahrenheit higher than ambient temperature at engine start.

(D) In addition to the requirements of section (d)(4.3.2)(B) above, the
denominator(s) for the following monitors shall be incremented if and only
if the component or strategy is commanded “on” for a cumulative time
greater than or equal to 10 seconds:

(i) Secondary Air System (section (f)(5))

(ii) Cold Start Emission Reduction Strategy (sections (e)(11) or (f)(4))

(iif) Components or systems that operate only at engine start-up (e.g.,
glow plugs, intake air heaters) and are subject to monitoring under
“other emission control systems” (section (g)(4)) or comprehensive
component output components (section (g)(3))

For purposes of determining this commanded “on” time, the OBD system

may not include time during intrusive operation of any of the components

or strategies later in the same driving cycle solely for the purposes of
monitoring.

(E) In addition to the requirements of section (d)(4.3.2)(B) above, the
denominator(s) for the following component monitors ef-eutput
components (except those operated only at engine start-up and subject to
the requirements of the previous section (d)(4.3.2)(D)) shall be
incremented if and only if the component is commanded to function (e.g.,
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commanded “on”, “open”, “closed”, “locked”) for a cumulative time greater

than or equal to 10 seconds:

(i) Variable valve timing and/or control system (sections (e)(10) or (f)(9))

(ii) “Other emission control systems” (section (g)(4))

(iif) Comprehensive component output component (section (g)(3)) (e.g.,
turbocharger waste-gates, variable length manifold runners)

(iv) PM filter active/intrusive injection (section (e)(8.2.6))

(v) PM sensor heater (section (e)(9.2.4)(A))

As an alternative, in addition to the requirements of section (d)(4.3.2)(B),

the manufacturers may use the criteria specified in title 13, CCR section

1968.2(d)(4.3.2)(F) in lieu of the criteria specified in section (d)(4.3.2)(E)

above.

For the PM filter active/intrusive injection monitor, as an alternative for

2010 through 2015 model year engines, the manufacturer may use the

criteria in section (d)(4.3.2)(H) in lieu of the criteria specified in section

(d)(4.3.2)(E) above.

For the PM sensor heater monitor, as an alternative for 2010 through

2015 model year engines, the manufacturer may use the criteria specified

in section (d)(4.3.2)(B) in lieu of the criteria specified in section

(d)(4.3.2)(E) above.

(F) For meniters-ef-the following components monitors, the manufacturer may
request Executive Officer approval to use alternate or additional criteria to
that set forth in section (d)(4.3.2)(B) above for incrementing the
denominator. Executive Officer approval of the proposed criteria shall be
based on the equivalence of the proposed criteria in measuring the
frequency of monitor operation relative to the amount of vehicle operation
in accordance with the criteria in section (d)(4.3.2)(B) above:

{—Engine-cooling-system-input-components{section{gH1)

{(i) “Other emission control systems” (section (g)(4))
@i(i) Comprehensive component input components that require extended
monitoring evaluation (section (g)(3)) (e.g., stuck fuel level sensor

rationality)

©4(iii) PM filter frequent regeneration (section (e)(8.2.2))
(iv) PM sensor monitoring capability monitor (section (€)(9.2.2)(D))

(G) For meniters-ef-the following monitors of components or other emission
controls that experience infrequent regeneration events, the
denominator(s) shall be incremented during a driving cycle in which the
following two criteria are met: (1) the requirements of section (d)(4.3.2)(B)
are met on the current driving cycle, and (2) the number of minutes of
cumulative engine run time since the denominator was last incremented is
greater than or equal to 800 minutes. The 800-minute engine run time
counter shall be reset to zero and begin counting again after the
denominator has been incremented and no later than the start of the next
ignition cycle:

(i) Diesel NMHC converting catalyst (section (e)(5.2.2))
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(ii) Diesel NMHC converting catalyst other aftertreatment assistance
functions (sections (e)(5.2.3)(B) and (D))

(i) Particulate-matter-Catalyzed PM filters NMHC conversion (sections
{ex8-2-1); (e)(8.2.4);and(8-2:5})

(iv) 2010 through 2015 model year PM filter filtering performance and
missing substrate (sections (e)(8.2.1) and (8.2.5))

As an alternative, for 2010 through 2012 model year engines, the

manufacturer may request Executive Officer approval to use alternate or

additional criteria to that set forth in section (d)(4.3.2)(G) above for

incrementing the denominator. Executive Officer approval of the

proposed criteria shall be based on the effectiveness of the proposed

criteria in measuring the frequency of monitor operation relative to the

amount of vehicle operation.

(H) For 2013 and subsequent model year engines, in addition to the
requirements of section (d)(4.3.2)(B) above, the denominator(s) for the
following monitors shall be incremented if and only if a regeneration event
is commanded for a time greater than or equal to 10 seconds:

(i) Diesel NMHC converting catalyst other aftertreatment assistance
functions (sections (e)(5.2.3)(A) and (C))
(i) PM filter incomplete regeneration (section (e)(8.2.3))

(I) For hybrid-vehieles; vehicles that employ alternate engine start hardware
or strategies (e.g., integrated-starterand-generators a vehicle with a start-
stop system that does not meet the definition of a hybrid vehicle as
defined in section (c)); or alternate-fueled vehieles engines {e-g-
dedicated;-bi-fuelor-dual-fuelapplications), the manufacturer may
request Executive Officer approval to use alternate criteria to that set forth
in section (d)(4.3.2)(B) above for incrementing the denominator. In
general, the Executive Officer shall not approve alternate criteria for
vehicles that only employ engine shut off at or near idle/vehicle stop
conditions. Executive Officer approval of the alternate criteria shall be
based on the equivalence of the alternate criteria to determine the amount
of vehicle operation relative to the measure of conventional vehicle
operation in accordance with the criteria in section (d)(4.3.2)(B) above.

(J) For hybrid vehicles, in lieu of the criteria in section (d)(4.3.2)(B) above, the
denominator for each monitor shall be incremented within ten seconds if
and only if the following criteria are satisfied on a single driving cycle:

() Cumulative propulsion system active time is greater than or equal to
600 seconds while at an elevation of less than 8,000 feet above sea
level and at an ambient temperature of greater than or equal to 20
degrees Fahrenheit;

(i) Cumulative gasoline engine operation at or above 25 miles per hour or
diesel engine operation at or above 1150 rpm, either of which occurs
for greater than or equal to 300 seconds while at an elevation of less
than 8,000 feet above sea level and at an ambient temperature of
greater than or equal to 20 degrees Fahrenheit;

(iii) Continuous vehicle operation at idle (i.e., accelerator pedal released
by driver and either vehicle speed less than or equal to one mile per
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hour or engine speed less than or equal to 200 rpm above normal
warmed-up idle (as determined in the drive position for vehicles
equipped with an automatic transmission)) for greater than or equal to
30 seconds while at an elevation of less than 8,000 feet above sea
level and at an ambient temperature of greater than or equal to 20
degrees Fahrenheit; and

(iv) Cumulative fueled engine operation for greater than or equal to 10
seconds while at an elevation of less than 8,000 feet above sea level
and at an ambient temperature of greater than or equal to 20 degrees
Fahrenheit.

As an alternative, for 2010 through 2015 model year hybrid vehicles, the

manufacturer may use the criteria specified in section (d)(4.3.2)(1) in lieu

of the criteria specified in section (d)(4.3.2)(J) above.

(4.4) Ratio Specifications

(4.4.1) Definition: The ratio is defined as the numerator divided by the
denominator.

(4.5) Disablement of Numerators and Denominators

(4.5.1) Within 10 seconds of a malfunction being detected (i.e., a pending,
confirmed, or MIL-on fault code being stored) that disables a monitor
required to meet the monitoring conditions in section (d)(3.2), the OBD
system shall disable further incrementing of the corresponding numerator
and denominator for each monitor that is disabled. When the malfunction
is no longer detected (e.g., the pending code is erased through self-
clearing or through a scan tool command), incrementing of all
corresponding numerators and denominators shall resume within 10
seconds.

(4.5.2) Within 10 seconds of the start of a PTO (see section (c)) operation that
disables a monitor required to meet the monitoring conditions in section
(d)(3.2), the OBD system shall disable further incrementing of the
corresponding numerator and denominator for each monitor that is
disabled. When the PTO operation ends, incrementing of all
corresponding numerators and denominators shall resume within 10
seconds.

(4.5.3) The OBD system shall disable further incrementing of all numerators and
denominators within 10 seconds if a malfunction of any component used
to determine if the criteria #-of sections (d)(4.3.2)(B) threugh{C) are
satisfied (i.e., vehicle speed/calculated load, ambient temperature,
elevation, idle operation, engine-cold-start; or time of operation) has been
detected (i.e., a pending, confirmed, or MIL-on fault code has been
stored). Incrementing of all numerators and denominators shall resume
within 10 seconds from when the malfunction is no longer present (e.g.,
pending code erased through self-clearing or by a scan tool command).

(5) Standardized tracking and reporting of monitor performance.

(5.1) For monitors required to track and report in-use monitor performance in
section (d)(3.2), the performance data shall be tracked and reported in
accordance with the specifications in sections (d)(4), (d)(5), and (h)(5.1). The
OBD system shall separately report an in-use monitor performance
numerator and denominator for each of the following components:
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(5.1.1) For diesel engines, fuel system, NMHC catalyst-bank-1-NMHC-catalyst
bank2-NOx-catalystbank-1, NOx catalyst-bank-2, exhaust gas sensor
bank-1-exhaustgas-senserbank2, EGR/VVT system, PM filter, boost

pressure control system, and NOx adsorber. The OBD system shall also
report a general denominator and an ignition cycle counter in the
standardized format specified in sections (d)(5.5), (d)(5.6), and (h)(5.1).

(5.1.2) For gasoline engines, catalyst bank 1, catalyst bank 2, primary oxygen
sensor bank 1, primary oxygen sensor bank 2, secondary oxygen sensor,
evaporative leak detection system, EGR/VVT system, and secondary air
system. The OBD system shall also report a general denominator and an
ignition cycle counter in the standardized format specified in sections
(d)(5.5), (d)(5.6), and (h)(5.1).

(5.2) Numerator

(5.2.1) The OBD system shall report a separate numerator for each of the
components listed in section (d)(5.1).

(5.2.2) For specific components or systems that have multiple monitors that are
required to be reported under section (e) (e.g., exhaust gas sensor bank 1
may have multiple monitors for sensor response or other sensor
characteristics), the OBD system shall separately track numerators and
denominators for each of the specific monitors and report only the
corresponding numerator and denominator for the specific monitor that
has the lowest numerical ratio. If two or more specific monitors have
identical ratios, the corresponding numerator and denominator for the
specific monitor that has the highest denominator shall be reported for the
specific component.

(5.2.3) The numerator(s) shall be reported in accordance with the specifications
in section (h)(5.1.2)(A).

(5.3) Denominator

(5.3.1) The OBD system shall report a separate denominator for each of the
components listed in section (d)(5.1).

(5.3.2) The denominator(s) shall be reported in accordance with the
specifications in section (h)(5.1.2)(A).

(5.4) Ratio

(5.4.1) For purposes of determining which corresponding numerator and
denominator to report as required in section (d)(5.2.2), the ratio shall be
calculated in accordance with the specifications in section (h)(5.1.2)(B).

(5.5) Ignition cycle counter

(5.5.1) Definition:

(A) The ignition cycle counter is defined as a counter that indicates the
number of ignition cycles a vehicle has experienced as defined in section
(d)(5.5.2)(B).

(B) The ignition cycle counter shall be reported in accordance with the
specifications in section (h)(5.1.2)(A).

(5.5.2) Specifications for incrementing:

(A) The ignition cycle counter, when incremented, shall be incremented by an
integer of one. The ignition cycle counter may not be incremented more
than once per ignition cycle.

(B) The ignition cycle counter shall be incremented within 10 seconds if and
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only if the following criteria are met:

(i) _Except as required in section (d)(5.5.2)(B)(ii) below, the engine
exceeds an engine speed of 50 to 150 rpm below the normal, warmed-
up idle speed (as determined in the drive position for vehicles
equipped with an automatic transmission) for at least two seconds plus
or minus one second.

(i) For hybrid vehicles, the vehicle meets the propulsion system active
definition (see section (c)) for at least two seconds plus or minus one
second.

(C) The OBD system shall disable further incrementing of the ignition cycle
counter within 10 seconds if a malfunction of any component used to
determine if the criteria in section (d)(5.5.2)(B) are satisfied (i.e., engine
speed or time of operation) has been detected and the corresponding
pending fault code has been stored. The ignition cycle counter may not
be disabled from incrementing for any other condition. Incrementing of
the ignition cycle counter shall resume within 10 seconds when the
malfunction is no longer present (e.g., pending code erased through self-
clearing or by a scan tool command).

(5.6) General Denominator

(5.6.1) Definition:

(A) The general denominator is defined as a measure of the number of times
a vehicle has been operated as defined in section (d)(5.6.2)(B).

(B) The general denominator shall be reported in accordance with the
specifications in section (h)(5.1.2)(A).

(5.6.2) Specifications for incrementing:

(A) The general denominator, when incremented, shall be incremented by an
integer of one. The general denominator may not be incremented more
than once per driving cycle.

(B) The general denominator shall be incremented within 10 seconds if and
only if the criteria identified in section (d)(4.3.2)(B) are satisfied on a single
driving cycle.

(C) The OBD system shall disable further incrementing of the general
denominator within 10 seconds if a malfunction of any component used to
determine if the criteria in section (d)(4.3.2)(B) are satisfied (i.e., vehicle
speed/load, ambient temperature, elevation, idle operation, or time of
operation) has been detected and the corresponding pending fault code
has been stored. The general denominator may not be disabled from
incrementing for any other condition (e.g., the disablement criteria in
sections (d)(4.5.1) and (d)(4.5.2) may not disable the general
denominator). Incrementing of the general denominator shall resume
within 10 seconds when the malfunction is no longer present (e.g.,
pending code erased through self-clearing or by a scan tool command).

(6) Malfunction Criteria Determination.

(6.1) In determining the malfunction criteria for diesel engine monitors in sections
(e) and (g) that are required to indicate a malfunction before emissions
exceed an emission threshold based on any applicable standard (e.g., 2.0
times any of the applicable standards), the manufacturer shall:
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(6.1.1) Use the emission test cycle and standard (i.e., FTP or SET) determined
by the manufacturer, through use of data and/or engineering analysis, to
be more stringent (i.e., to result in higher emissions with the same level of
monitored component malfunction) as the “applicable standard”. The
manufacturer shall use data and/or engineering analysis to determine the
test cycle and standard that is more stringent.

(6.1.2) Identify in the certification documentation required under section (j), the
test cycle and standard determined by the manufacturer to be more
stringent for each applicable monitor.

(6.1.3) If the Executive Officer reasonably believes that a manufacturer has
incorrectly determined the test cycle and standard that is more stringent,
the Executive Officer shall require the manufacturer to provide emission
data and/or engineering analysis showing that the other test cycle and
standard are less stringent.

(6.2) On engines equipped with emission controls that experience infrequent
regeneration events, a manufacturer shall adjust the emission test results that
are used to determine the malfunction criterion for monitors that are required
to indicate a malfunction before emissions exceed a certain emission
threshold (e.g., 2.0 times any of the applicable standards). Except as
provided in section (d)(6.2.3), for each monitor, the manufacturer shall adjust
the emission result using the procedure described in CFR title 40, part
86.004-28(i) with the component for which the malfunction criteria is being
established deteriorated to the malfunction threshold. The adjusted emission
value shall be used for purposes of determining whether or not the specified
emission threshold is exceeded (e.g., a malfunction must be detected before
the adjusted emission value exceeds 2.0 times any applicable standard).

(6.2.1) For purposes of section (d)(6.2), “regeneration” means an event during
which emissions levels change while the emission control performance is
being restored by design.

(6.2.2) For purposes of section (d)(6.2), “infrequent” means having an expected
frequency of less than once per FTP cycle.

(6.2.3) In lieu of using the procedure described in CFR title 40, part 86.004-28(i),
the manufacturer may submit an alternate plan to calculate the
adjustment factors for determining the adjusted emission values to the
Executive Officer for review and approval. Executive Officer approval of
the plan shall be conditioned upon the manufacturer providing data and/or
engineering evaluation demonstrating the procedure is consistent with
good engineering judgment in determining appropriate modifications to
the tailpipe certification adjustment factors.

(6.3) In lieu of meeting the malfunction criteria for gasoline engine monitors in
sections (f) and (g), the manufacturer may request Executive Officer approval
to utilize OBD systems certified to the requirements of title 13, CCR section
1968.2 on medium-duty engines or vehicles. The Executive Officer shall
approve the request upon finding that the manufacturer has used good
engineering judgment in determining equivalent malfunction detection criteria
on the heavy-duty engine.

@) Implementation Schedule
(7.1) Except as specified in sections (d)(7.4) and (d)(7.5) for small volume
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manufacturers and alternate-fueled engines, for the 2010 through 2012

model year engines:

(7.1.1) Full OBD. Except as specified in section (d)(7.1.3) below, a manufacturer
shall implement an OBD system meeting the requirements of section
1971.1 on one engine rating (i.e., the OBD parent rating) within one of the
manufacturer’s engine families. The OBD parent rating shall be from the
manufacturer’s heavy-duty engine family with the highest weighted sales
number for the 2010 model year and shall be the engine rating with the
highest weighted sales number within that engine family.

(7.1.2) Extrapolated OBD. For all other engine ratings within the engine family
selected according to section (d)(7.1.1) (i.e., the OBD child ratings),
except as specified in section (d)(7.1.3) below), a manufacturer shall
implement an OBD system meeting the requirements of section 1971.1
with the exception that the OBD system is not required to detect a
malfunction prior to exceeding the emission thresholds specified in the
malfunction criteria in sections (e) through (g). In lieu of detecting a
malfunction prior to exceeding the emission thresholds, a manufacturer
shall submit a plan for Executive Officer review and approval detailing the
engineering evaluation the manufacturer will use to establish the
malfunction criteria for the OBD child ratings. The Executive Officer shall
approve the plan upon determining that the manufacturer is using good
engineering judgment to establish the malfunction criteria for robust
detection of malfunctions, including consideration of differences of base
engine, calibration, emission control components, and emission control
strategies.

(7.1.3) For all engine ratings (i.e., OBD parent and OBD child ratings) within the
engine family selected according to (d)(7.1.1):

(A) The OBD system is exempt from having to comply with the
standardization requirements set forth in the incorporated documents to
this regulation (e.g., SAE J1939 defined format) within the following
sections:

() (d)(1.2) and (h)(2) (standardized connector)

(i) (d)(2.1.1) and (2.1.5) (dedicated standardized MIL)

(iii) (h)(3) (communication protocol)

(iv) (h)(4) (standardized communication functions with respect to the
requirements to make the data available in a standardized format or in
accordance with SAE J1979/1939 specifications)

(v) (h)(5.1.1) and (h)(5.2.1) with respect to the requirements to make the
data available in a standardized format or in accordance with SAE
J1979/1939 specifications.

(B) The OBD system shall meet the requirements of either sections (d)(2.2.1)
and (2.3.1) or (d)(2.2.2) and (2.3.2) regardless of the communication
protocol (e.g., standardized, proprietary) used by the OBD system.

(7.1.4) Engine Manufacturer Diagnostic (EMD) Systems. For all engine ratings in
the manufacturer’s engine families not selected according to section
(d)(7.1.1), a manufacturer shall:

(A) Implement an EMD system meeting the requirements of title 13, CCR
section 1971 in lieu of meeting the requirements of section 1971.1; and
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(B) Monitor the NOx aftertreatment (i.e., catalyst, adsorber) on engines so-
equipped. A malfunction shall be detected if:

(i) The NOx aftertreatment system has no detectable amount of NOx
aftertreatment capability (i.e., NOx catalyst conversion or NOx
adsorption);

(i) The NOx aftertreatment substrate is completely destroyed, removed,
or missing; or

(iif) The NOx aftertreatment assembly is replaced with a straight pipe.

(7.2) Except as specified in section (d)(7.5) for alternate-fueled engines, for the
2013 through 2015 model year engines:

(7.2.1) A manufacturer shall be required to define one or more OBD groups to
cover all engine ratings in all engine families.

(7.2.2) Full OBD. A manufacturer shall implement an OBD system meeting the
requirements of section 1971.1.:

(A) On all engine ratings (i.e., OBD parent and OBD child ratings) within the
engine family selected according to section (d)(7.1.1); and

(B) On one engine rating (i.e., OBD parent rating) within each of the
manufacturer’s OBD groups. The OBD parent rating shall be the engine
rating with the highest weighted sales number for the 2013 model year
within each OBD group.

(7.2.3) Extrapolated OBD. For all engine ratings not subject to section (d)(7.2.2)
(i.e., OBD child ratings), a manufacturer shall implement an OBD system
meeting the requirements of section 1971.1 with the exception that the
OBD system is not required to detect a malfunction prior to exceeding the
emission thresholds specified in the malfunction criteria in sections (e)
through (g). In lieu of detecting a malfunction prior to exceeding the
emission thresholds, a manufacturer shall submit a plan for Executive
Officer review and approval detailing the engineering evaluation the
manufacturer will use to establish the malfunction criteria for the OBD
child ratings. The Executive Officer shall approve the plan upon
determining that the manufacturer is using good engineering judgment to
establish the malfunction criteria for robust detection of malfunctions,
including consideration of differences of base engine, calibration,
emission control components, and emission control strategies.

(7.3) Except as specified in section (d)(7.5) for alternate-fueled engines, for the
2016 and subsequent model year engines:
(7.3.1) A manufacturer shall implement an OBD system meeting the
requirements of section 1971.1 on all engine ratings in all engine families.
(7.4) Small volume manufacturers shall be exempt from the requirements of
section 1971.1 for 2010 through 2012 model year engines. For purposes of
this requirement, a small volume manufacturer is defined as a manufacturer
with projected engine sales for California heavy-duty vehicles of less than
1200 engines per year for the 2010 model year.
(7.5) For alternate-fueled engines:

(7.5.1) For 2010 through 2012 model year engines, a manufacturer shall be
exempt from the requirements of section 1971.1.

(7.5.2) For 2013 through 26492017 model year engines, the manufacturer shall:

(A) Implement an EMD system meeting the requirements of title 13, CCR
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section 1971 in lieu of meeting the requirements of section 1971.1; and
(B) Monitor the NOx aftertreatment (i.e., catalyst, adsorber) on engines so-
equipped. A malfunction shall be detected if:

(i) The NOx aftertreatment system has no detectable amount of NOx
aftertreatment capability (i.e., NOx catalyst conversion or NOx
adsorption);

(i) The NOx aftertreatment substrate is completely destroyed, removed,
or missing; or

(iif) The NOx aftertreatment assembly is replaced with a straight pipe.

(7.5.3) For 2620-2018 and subsequent model year engines, a manufacturer shall
implement an OBD system meeting the requirements of section 1971.1.
The manufacturer shall submit a plan to the Executive Officer for approval
of the monitoring requirements in sections (e) through (q) determined by
the manufacturer to be applicable to the engine. Executive Officer
approval shall be based on the appropriateness of the monitoring plan
with respect to the components and systems on the engine (e.q., a spark-
ignited dedicated CNG engine with a particulate matter (PM) filter and a
selective catalytic reduction (SCR) system would be monitored in
accordance with the misfire monitoring requirements in section (f) for
spark-ignited engines and with the PM filter and SCR system monitoring
requirements in section (e) for diesel engines typically equipped with the
same components).

(7.6) For 2013 model year hybrid vehicles: In lieu of meeting all other requirements
of section 1971.1, a manufacturer may meet the alternative requirements set
forth in sections (d)(7.6.1) through (d)(7.6.5) below for 2013 model year
hybrid vehicles:

(7.6.1) A California-certified 2013 model year engine shall be used as the base
engine in the hybrid vehicle design.

(7.6.2) Any madifications made to the base engine’s certified OBD system shall
be solely for the purpose of preventing false malfunction determinations
that could otherwise occur as a result of the integration of the hybrid
system hardware and software, and such modifications shall only be
made to the extent necessary to achieve this purpose. All modifications
are subject to Executive Officer approval. The Executive Officer shall
grant approval upon determining that the modifications are necessary and
reasonable for the purposes of preventing false malfunction
determinations on in-use hybrid vehicles.

(7.6.3) Notwithstanding section (d)(7.6.2) above, no modifications shall be made
that would render the certified base engine honcompliant with the EMD
plus NOx aftertreatment monitoring requirements set forth in section
(d)(7.1.4).

(7.6.4) For all hybrid components, manufacturers shall be exempt from the
monitoring requirements of section (g)(3).

(7.6.5) Manufacturers shall apply for certification to the requirements of this
section. The application for certification shall identify and describe the
certified base engine, the hybrid system mated to it, all changes made to
the certified engine along with the rationale describing the need for each
change, and the vehicle applications into which the hybrid system will be
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installed.

(e) Monitoring Requirements for Diesel/Compression-Ignition Engines.
1) Fuel System Monitoring
(1.1) Requirement:
The OBD system shall monitor the fuel delivery system to determine its ability
to comply with emissien applicable standards. The individual electronic
components (e.g., actuators, valves, sensors, pumps) that are used in the
fuel system and not specifically addressed in this section shall be monitored
in accordance with the comprehensive component requirements in section
(9)(3).
(1.2) Malfunction Criteria:

(1.2.1) Fuel system pressure control: The OBD system shall detect a malfunction
of the fuel system pressure control system (e.qg., fuel, hydraulic fluid) when
the fuel system pressure control system is unable to maintain an engine’s
NMHC, NOx, or CO emissions at or below 2.0 times the applicable
standards or the engine’s PM emissions at or below the applicable
standard plus 0.02 grams per brake horsepower-hour (g/bhp-hr). For
engines in which no failure or deterioration of the fuel system pressure
control could result in an engine’s emissions exceeding these emission
levels, the OBD system shall detect a malfunction when the system has
reached its control limits such that the commanded fuel system pressure
cannot be delivered.

(1.2.2) Injection quantity: The OBD system shall detect a malfunction of the fuel
injection system when the system is unable to deliver the commanded
guantity of fuel necessary to maintain an engine’s NMHC, CO, and NOx
emissions at or below 2.0 times the applicable standards or the engine’s
PM emissions at or below the applicable standard plus 0.02 g/bhp-hr. For
engines in which no failure or deterioration of the fuel injection quantity
could result in an engine’s emissions exceeding these emission levels, the
OBD system shall detect a malfunction when the system has reached its
control limits such that the commanded fuel quantity cannot be delivered.

(1.2.3) Injection Timing: The OBD system shall detect a malfunction of the fuel
injection system when the system is unable to deliver fuel at the proper
crank angle/timing (e.g., injection timing too advanced or too retarded)
necessary to maintain an engine’s NMHC, CO, and NOx emissions at or
below 2.0 times the applicable standards or the engine’s PM emissions at
or below the applicable standard plus 0.02 g/bhp-hr. For engines in which
no failure or deterioration of the fuel injection timing could result in an
engine’s emissions exceeding these emission levels, the OBD system
shall detect a malfunction when the system has reached its control limits
such that the commanded fuel injection timing cannot be achieved.

(1.2.4) Feedback control: Except as provided for in section (e)(1.2.5), if the
engine is equipped with feedback or feed-forward control of the fuel
system (e.g., feedback control of pressure or pilot injection quantity), the
OBD system shall detect a malfunction:

(A) If the system fails to begin control within a manufacturer specified time
interval;
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(B) If a failure or deterioration causes open loop or default operation; or

(C) If the control system has used up all of the adjustment allowed by the
manufacturer or reached its maximum authority and cannot achieve the
target.

(1.2.5) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified in section
(e)(1.2.4)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.

(1.2.6) In lieu of detecting the malfunctions specified in sections (e)(1.2.4)(A) and
(B) with a fuel system-specific monitor, the OBD system may monitor the
individual parameters or components that are used as inputs for fuel
system feedback control provided that the monitors detect all malfunctions
that meet the criteria in sections (e)(1.2.4)(A) and (B).

(1.2.7) For purposes of determining the fuel system malfunction criteria in
sections (e)(1.2.1) through (1.2.3):

(A) For 2010 through 2012 model year engines, the malfunction criteria shall
be established by using a fault that affects either a single injector or all
injectors equally.

(B) For 2013 and subsequent model year engines, for section (e)(1.2.1), the
malfunction criteria shall be established by using a fault that affects all
injectors equally. Additionally, for systems that have single component
failures which could affect a single injector (e.g., systems that build
injection pressure within the injector that could have a single component
pressure fault caused by the injector itself), the malfunction criteria shall
also be established by using a fault that affects a single injector.

(C) For 2013 and subsequent model year engines, for sections (e)(1.2.2)
through (1.2.3), the malfunction criteria shall be established by both (1) a
fault that affects all the injectors equally and (2) a fault that affects only
one injector.

(1.3) Monitoring Conditions:

(1.3.1) Except as provided in sections (e)(1.3.2) and (e)(1.3.4), the OBD system
shall monitor continuously for malfunctions identified in sections (e)(1.2.1)
and (e)(1.2.4) (i.e., fuel pressure control and feedback operation).

(1.3.2) For fuel systems that achieve injection fuel pressure within the injector or
increase pressure within the injector (e.g. in the injector of an amplified
common rail system), manufacturers may request Executive Officer
approval to define the monitoring conditions for malfunctions identified in
sections (e)(1.2.1) in accordance with sections (d)(3.1) and (d)(3.2) (i.e.,
minimum ratio requirements). The Executive Officer shall approve the
monitoring conditions upon the manufacturer submitting data and/or
analysis identifying all possible failure modes and the effect each has
(e.g., failure modes and effects analysis) on fuel pressure across the
entire range of engine operating conditions, and upon the Executive
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Officer determining based on the data and/or analysis that the monitoring
conditions allow for robust detection of all causes of fuel pressure
malfunctions.

(1.3.3) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(1.2.2) and (e)(1.2.3) (i.e., injection quantity and
timing) in accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum
ratio requirements). For all 2013 and subsequent model year engines, for
purposes of tracking and reporting as required in section (d)(3.2.1), all
monitors used to detect malfunctions identified in sections (e)(1.2.2) and
(e)(1.2.3) shall be tracked separately but reported as a single set of
values as specified in section (d)(5.2.2).

(1.3.4) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under conditions technically necessary to
ensure robust detection of malfunctions and to avoid false passes and
false indications of malfunctions. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
and/or an engineering evaluation which demonstrate that a properly
operating system cannot be distinguished from a malfunctioning system
and that the disablement interval is limited only to that which is technically
necessary.

(1.4) MIL lllumination and Fault Code Storage:

(1.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d)(2).

(1.4.2) Additionally, for malfunctions identified in section (e)(1.2.1) (i.e., fuel
pressure control) on all 2013 and subsequent model year vehicles
engines:

(A) A pending fault code shall be stored immediately upon the fuel system
exceeding the malfunction criteria established pursuant to section
(e)(1.2.1).

(B) Except as provided below, if a pending fault code is stored, the OBD
system shall immediately illuminate the MIL and store a confirmed/MIL-on
fault code if a malfunction is again detected during either of the following
two events: (a) the driving cycle immediately following the storage of the
pending fault code, regardless of the conditions encountered during the
driving cycle; or (b) on the next driving cycle in which similar conditions
(see section (c)) to those that occurred when the pending fault code was
stored are encountered.

(C) The pending fault code may be erased at the end of the next driving cycle
in which similar conditions have been encountered without an exceedance
of the specified fuel system malfunction criteria. The pending code may
also be erased if similar conditions are not encountered during the 80
driving cycles immediately after the initial detection of a malfunction for
which the pending code was set.

(D) Storage of freeze frame conditions.

(i) Eor 2013 through 2015 model year engines, aA manufacturer shall
store and erase freeze frame conditions either in conjunction with
storing and erasing a pending fault code or in conjunction with storing
and erasing a confirmed/MIL-on fault code._For 2016 and subsequent
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model year engines, a manufacturer shall store freeze frame
conditions in conjunction with storing and erasing a pending fault code
in accordance with section (d)(2.2.1)(D)(iii) or (d)(2.2.2)(D).

(i) If freeze frame conditions are stored for a malfunction other than
misfire (see section (e)(2)) or fuel system malfunction when a fault
code is stored as specified in section (e)(1.4.2) above, the stored
freeze frame information shall be replaced with freeze frame
information regarding the fuel system malfunction.

(E) Storage of fuel system conditions for determining similar conditions of
operation.

(i) Upon detection of a fuel system malfunction under section (e)(1.4.2),
the OBD system shall store the engine speed, load, and warm-up
status of the first fuel system malfunction that resulted in the storage of
the pending fault code.

(i) The manufacturer may request Executive Officer approval to use an
alternate definition of similar conditions in lieu of the definition
specified in section (c). The Executive Officer shall approve the
alternate definition upon the manufacturer providing data or analysis
demonstrating that the alternate definition provides for equivalent
robustness in detection of fuel system faults that vary in severity
depending on engine speed, load, and/or warm-up status.

(F) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without a malfunction of the fuel system.

(@) Misfire Monitoring
(2.1) Requirement:

(2.1.1) The OBD system shall monitor the engine for misfire-causing-execess
emissions. The OBD system shall be capable of detecting misfire
occurring in one or more cylinders. To the extent possible without adding
hardware for this specific purpose, the OBD system shall also identify the
specific misfiring cylinder.

(2.1.2) If more than one cylinder is continuously misfiring, a separate fault code
shall be stored indicating that multiple cylinders are misfiring. When
identifying multiple cylinder misfire, the manufacturer OBD system is not
required to also identify each of the continuously misfiring cylinders
individually through separate fault codes.

(2.2) Malfunction Criteria:

(2.2.1) The OBD system shall detect a misfire malfunction when one or more
cylinders are continuously misfiring.

(2.2.2) Additionally, for 2013 and-subseguentthrough 2015 model year engines
equipped with sensors that can detect combustion or combustion quality
(e.g., for use in homogeneous charge compression ignition (HCCI) control
systems) and for 20 percent of 2016 model year diesel engines, 50
percent of 2017 model year diesel engines, and 100 percent of 2018
model year diesel engines (percentage based on the manufacturer’s
projected California sales volume of all diesel engines subject to this
requlation), the OBD system shall detect a misfire malfunction_when the
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percentage of misfire is equal to or exceeds five percent—eausmg—the

(A) Manufacturers shall determine evaluate the percentage of misfire
ev&tuafeeel in 1000 revolutlon |ncrements—tl%u—\,t\,teeLel—eacuse—I&.LI\,44=LG—G®—e+C

(B) Subject to Executive Officer approval, a manufacturer may employ other
revolution increments. The Executive Officer shall grant approval upon
determining that the manufacturer has demonstrated that the strategy
would be equally effective and timely in detecting misfire.

(2.2.3) A malfunction shall be detected if the percentage of misfire established
specified in section (e)(2.2.2)(A) is exceeded regardless of the pattern of
misfire events (e.g., random, equally spaced, continuous).

(2.2.4) For multiple cylinder misfire situations that result in a misfire rate greater
than or equal to 50 percent of all engine firings, the OBD system shall only
be required to detect a misfire malfunction for situations that are caused
by a single component failure.

(2.2.5) Upon request by the manufacturer and upon determining that the
manufacturer has submitted data and/or engineering evaluation that
support the request, the Executive Officer shall revise the percentage of
misfire malfunction criteria in section (e)(2.2.2) upward to exclude
detection of misfire that cannot cause the engine’s NMHC, CO, and NOx
emissions to exceed 2.0 times the applicable standards and the engine’s
PM emissions to exceed the applicable standard plus 0.02 g/bhp-hr.

(2.3) Monitoring Conditions:

(2.3.1) Except as provided in section (e)(2.3.2), Fthe OBD system shall monitor
for misfires identified in section (e)(2.2.1) during engine idle conditions at
least once per driving cycle in which the monitoring conditions for misfire
are met. A manufacturer shall submit monitoring conditions to the
Executive Officer for approval. The Executive Officer shall approve
manufacturer-defined monitoring conditions that are determined (based
on manufacturer-submitted data and/or other engineering documentation)
to: (i) be technically necessary to ensure robust detection of malfunctions
(e.g., avoid false passes and false detection of malfunctions), (ii) require
no more than 1000 cumulative engine revolutions, and (iii) do not require
any single continuous idle operation of more than 15 seconds to make a
determination that a malfunction is present (e.g., a decision can be made
with data gathered during several idle operations of 15 seconds or less);
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or satisfy the requirements of (d)(3.1) with alternative engine operating
conditions.

(2.3.2) Manufacturers may request Executive Officer approval to use alternate
monitoring conditions (e.g., off-idle) _in lieu of the monitoring conditions
specified in section (e)(2.3.1). The Executive Officer shall approve
alternate monitoring conditions that are determined (based on
manufacturer-submitted data and/or other engineering documentation) to
ensure equivalent robust detection of malfunctions and equivalent
timeliness in detection of malfunctions.

(2.3.3) Addmenauy—fFor mlsflres |dent|f|ed |n sectlon (e)(2 2. 2)—2913—&nd

eembus%ien—er—eembusﬂen—qaamy.

(A) The OBD system shall continuously monitor for misfire under the following
conditions:

(i) For 2013 through 2018 model year engines and 2019 and subsequent
model year engines that are not included in the phase-in specified in
section (e)(2.3.3)(A)(ii), alkunder positive torque conditions between 20
percent and 75 percent of peak torque with engine speeds up to 75
percent of the maximum engine speed and-oad-conditions.

(ii) For 20 percent of 2019 model year diesel engines, 50 percent of 2020
model year diesel engines, and 100 percent of 2021 model year diesel
engines (percentage based on the manufacturer’s projected California
sales volume of all diesel engines subject to this regulation), under all
positive torque engine speed conditions except within the following
range: the engine operating region bound by the positive torque line
(i.e., engine torque with transmission in neutral) and the two following
points: engine speed of 50 percent of maximum engine speed with the
engine torque at the positive torque line, and 100 percent of the
maximum engine speed with the engine torque at 10 percent of peak
torgue above the positive torque line.

(B) If a monitoring system cannot detect all misfire patterns under all required
engine speed and load conditions as required in section (e)(2.3.3)(A), the
manufacturer may request Executive Officer approval to accept the
monitoring system. In evaluating the manufacturer’s request, the
Executive Officer shall consider the following factors: the magnitude of the
region(s) in which misfire detection is limited, the degree to which misfire
detection is limited in the region(s) (i.e., the probability of detection of
misfire events), the frequency with which said region(s) are expected to be
encountered in-use, the type of misfire patterns for which misfire detection
is troublesome, ard demonstration that the monitoring technology
employed is not inherently incapable of detecting misfire under required
conditions (i.e., compliance can be achieved on other engines), and the
extent to which the most reliable monitoring method developed is unable
to ensure robust detection of misfire in the region(s). The evaluation shall
be based on the following misfire patterns: equally spaced misfire
occurring on randomly selected cylinders, single cylinder continuous
misfire, and paired cylinder (cylinders firing at the same crank angle)
continuous misfire.
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(C) A manufacturer may request Executive Officer approval to disable misfire
monitoring or employ an alternate malfunction criterion when misfire
cannot be distinguished from other effects. Upon determining that the
manufacturer has presented documentation that demonstrates the
disablement interval or period of use of an alternate malfunction criterion
is limited only to that necessary for avoiding false detection, the Executive
Officer shall approve the disablement or use of the alternate malfunction
criterion. Such disablements may include but are not limited to events
involving:

(i) rough road,

(i) fuel cut,

(iii) gear changes for manual transmission vehicles,

(iv) traction control or other vehicle stability control activation such as anti-
lock braking or other engine torque modifications to enhance vehicle
stability,

(v) off-board control or intrusive activation of vehicle components or
diagnostics during service or assembly plant testing,

(vi) intrusive diagnostics during portions that can significantly affect engine
stability, or

(vii) infrequent regeneration events during portions that can significantly
affect engine stability.

(2.4) MIL lllumination and Fault Code Storage:
(2.4.1) General requirements for MIL illumination and fault code storage are set

forth in section (d)(2).

(2.4.2) Additionally, for 2013-and-subsequentmodelyearengines-misfires
identified in section (e)(2.2.2)equipped-with-sensers-that-can-detect
bust busti Ly

(A) Upon detection of the percentage of misfire specified in section
(e)(2.2.2)¢A), the following criteria shall apply for MIL illumination and fault
code storage:

(i) A pending fault code shall be stored no later than after the fourth
exceedance of the percentage of misfire specified in section (e)(2.2.2)
during a single driving cycle.

(i) If a pending fault code is stored, the OBD system shall illuminate the
MIL and store a confirmed/MIL-on fault code within 10 seconds if the
percentage of misfire specified in section (e)(2.2.2) is again exceeded
four times during: (a) the driving cycle immediately following the
storage of the pending fault code, regardless of the conditions
encountered during the driving cycle; or (b) on the next driving cycle in
which similar conditions (see section (c)) to the engine conditions that
occurred when the pending fault code was stored are encountered.

(iif) The pending fault code may be erased at the end of the next driving
cycle in which similar conditions to the engine conditions that occurred
when the pending fault code was stored have been encountered
without an exceedance of the specified percentage of misfire. The
pending code may also be erased if similar conditions are not
encountered during the next 80 driving cycles immediately following
initial detection of the malfunction.
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(B) Storage of freeze frame conditions.

(i) Eor 2013 through 2015 model year engines, tFhe OBD system shall
store and erase freeze frame conditions either in conjunction with
storing and erasing a pending fault code or in conjunction with storing
a confirmed/MIL-on fault code and erasing a confirmed/previously MIL-
on fault code._For 2016 and subsequent model year engines, a
manufacturer shall store freeze frame conditions in conjunction with
storing and erasing a pending fault code in accordance with section
(d)(2.2.1)(D)(iii) or (d)(2.2.2)(D).

(i) If freeze frame conditions are stored for a malfunction other than a
misfire malfunction when a fault code is stored as specified in section
(e)(2.4.2), the stored freeze frame information shall be replaced with
freeze frame information regarding the misfire malfunction.

(C) Storage of misfire conditions for similar conditions determination. Upon
detection of misfire under section (e)(2.4.2), the OBD system shall store
the following engine conditions: engine speed, load, and warm-up status
of the first misfire event that resulted in the storage of the pending fault
code.

(D) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without an exceedance of the specified percentage of
misfire.

(3) Exhaust Gas Recirculation (EGR) System Monitoring
(3.1) Requirement:

(3.1.1) The OBD system shall monitor the EGR system on engines so-equipped
for low flow rate, high flow rate, and slow response malfunctions. For
engines equipped with EGR coolers (e.g., heat exchangers), the OBD
system shall monitor the cooler system for insufficient cooling
malfunctions. The individual electronic components (e.g., actuators,
valves, sensors) that are used in the EGR system shall be monitored in
accordance with the comprehensive component requirements in section
(9)(3).

(3.1.2) For engines with other charge control strategies that affect EGR flow (e.g.,
systems that modify EGR flow to achieve a desired fresh air flow rate
instead of a desired EGR flow rate), the manufacturer shall submit a
monitoring plan to the Executive Officer for approval. The Executive
Officer shall approve the request upon determining that the manufacturer
has submitted data and an engineering evaluation that demonstrate that
the monitoring plan is as reliable and effective as the monitoring plan
required for EGR systems under section (e)(3).

(3.2) Malfunction Criteria:

(3.2.1) Low Flow: The OBD system shall detect a malfunction of the EGR system
prior to a decrease from the manufacturer's specified EGR flow rate that
would cause an engine’s NMHC, CO, or NOx emissions to exceed 2.0
times any of the applicable standards or the engine’s PM emissions to
exceed the applicable standard plus 0.02 g/bhp-hr. For engines in which
no failure or deterioration of the EGR system that causes a decrease in
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flow could result in an engine’s emissions exceeding these levels, the
OBD system shall detect a malfunction when either the EGR system has
reached its control limits such that it cannot increase EGR flow to achieve
the commanded flow rate or, for non-feedback controlled EGR systems,
the EGR system has no detectable amount of EGR flow when EGR flow is
expected.

(3.2.2) High Flow: The OBD system shall detect a malfunction of the EGR
system, including a leaking EGR valve (i.e., exhaust gas flowing through
the valve when the valve is commanded closed), prior to an increase from
the manufacturer's specified EGR flow rate that would cause an engine’s
NMHC, CO, or NOx emissions to exceed 2.0 times any of the applicable
standards or the engine’s PM emissions to exceed the applicable
standard plus 0.02 g/bhp-hr. For engines in which no failure or
deterioration of the EGR system that causes an increase in flow could
result in an engine’s emissions exceeding these levels, the OBD system
shall detect a malfunction when either the EGR system has reached its
control limits such that it cannot reduce EGR flow to achieve the
commanded flow rate or, for non-feedback controlled EGR systems, the
EGR system has maximum detectable EGR flow when little or no EGR
flow is expected.

(3.2.3) Slow Response: The OBD system shall detect a malfunction of the EGR
system prior to any failure or deterioration in the EGR system response
(e.g., capability to achieve the specified flow rate within a manufacturer-
specified time) that would cause an engine’s NMHC, CO, or NOXx
emissions to exceed 2.0 times any of the applicable standards or the
engine’s PM emissions to exceed the applicable standard plus 0.02
g/bhp-hr. The OBD system shall monitor the EGR system response
under both increasing and decreasing EGR flow rates. For engines in
which no failure or deterioration of the EGR system response could result
in an engine’s emissions exceeding these levels, the OBD system shall
detect a malfunction of the EGR system when no detectable response to
a change in commanded or expected flow rate occurs.

(3.2.4) Feedback control: Except as provided for in section (e)(3.2.7), if the
engine is equipped with feedback or feed-forward control of the EGR
system (e.qg., feedback control of flow, valve position, pressure differential
across the valve via intake throttle or exhaust backpressure), the OBD
system shall detect a malfunction:

(A) If the system fails to begin control within a manufacturer specified time
interval;

(B) If a failure or deterioration causes open loop or default operation; or

(C) If the control system has used up all of the adjustment allowed by the
manufacturer or reached its maximum authority and cannot achieve the
target.

(3.2.5) EGR Cooler Performance: The OBD system shall detect a malfunction of
the EGR cooler system prior to a reduction from the manufacturer's
specified cooling performance that would cause an engine’s NMHC, CO,
or NOx emissions to exceed 2.0 times any of the applicable standards or
the engine’s PM emissions to exceed the applicable standard plus 0.02
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g/bhp-hr. For engines in which no failure or deterioration of the EGR
cooler system could result in an engine’s emissions exceeding these
levels, the OBD system shall detect a malfunction when the system has
no detectable amount of EGR cooling.

(3.2.6) EGR Catalyst Performance: For catalysts located in the EGR system on
2013 and subsequent model year engines and used to convert
constituents to reduce emissions or protect or extend the durability of
other emission-related components (e.g., to reduce fouling of an EGR
cooler or valve);:

(A) Except as provided for in section (€)(3.2.6)(B) below, the OBD system
shall detect a malfunction when the catalyst has no detectable amount of
constituent (e.g., hydrocarbons, soluble organic fractions) oxidation.

(B) Monitoring of the catalyst is not required if there is no measurable
emission impact on the criteria pollutants (i.e., NMHC, CO, NOx, and PM)
during any reasonable driving condition in which the catalyst is most likely
to affect criteria pollutants.

(3.2.7) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified in section
(e)(3.2.4)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.

(3.2.8) In lieu of detecting the malfunctions specified in sections (e)(3.2.4)(A) and
(B) with an EGR system-specific monitor, the OBD system may monitor
the individual parameters or components that are used as inputs for EGR
system feedback control provided that the monitors detect all malfunctions
that meet the criteria in sections (e)(3.2.4)(A) and (B).

(3.2.9) For purposes of determining the EGR cooler performance malfunction
criteria in section (e)(3.2.5) for EGR cooler systems that consist of more
than one cooler (e.g., a pre-cooler and a main cooler, two or more coolers
in series), the manufacturer shall submit an EGR cooler system aging and
monitoring plan to the Executive Officer for review and approval. The plan
shall include the description and location of each component, the
monitoring strategy for each component and combination of components,
and the method for determining the malfunction criteria of section
(e)(3.2.5) including the deterioration/aging process. Executive Officer
approval of the plan shall be based on the representativeness of the aging
to real world EGR cooler system component deterioration under normal
and malfunctioning engine operating conditions and the effectiveness of
the method used to determine the malfunction criteria of section
(e)(3.2.5).

(3.3) Monitoring Conditions:

(3.3.1) Except as provided in section (e)(3.3.4), the OBD system shall monitor
continuously for malfunctions identified in sections (e)(3.2.1), (3.2.2), and
(e)(3.2.4) (i.e., EGR low and high flow, feedback control).
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(3.3.2) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(3.2.3) (i.e., slow response) in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the
exception that monitoring shall occur every time the monitoring conditions
are met during the driving cycle in lieu of once per driving cycle as
required in section (d)(3.1.2). For purposes of tracking and reporting as
required in section (d)(3.2.1), all monitors used to detect malfunctions
identified in section (e)(3.2.3) shall be tracked separately but reported as
a single set of values as specified in section (d)(5.2.2).

(3.3.3) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(3.2.5) and (e)(3.2.6) (i.e., cooler performance and
EGR catalyst performance) in accordance with sections (d)(3.1) and
(d)(3.2) (i.e., minimum ratio requirements). For purposes of tracking and
reporting as required in section (d)(3.2.1), all monitors used to detect
malfunctions identified in section (e)(3.2.5) shall be tracked separately but
reported as a single set of values as specified in section (d)(5.2.2).

(3.3.4) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under specific conditions technically
necessary to ensure robust detection of malfunctions and to avoid false
passes and false indications of malfunctions (e.g., disable EGR low flow
monitoring when no or very little flow is commanded, disable EGR high
and low flow monitoring when freezing may affect performance of the
system). The Executive Officer shall approve the request upon
determining that the manufacturer has submitted data and/or an
engineering evaluation which demonstrate that a properly operating EGR
system cannot be distinguished from a malfunctioning EGR system and
that the disablement interval is limited only to that which is technically
necessary.

(3.4) MIL lllumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

4) Boost Pressure Control System Monitoring
(4.1) Requirement:

(4.1.1) The OBD system shall monitor the boost pressure control system (e.g.,
turbocharger) on engines so-equipped for under and over boost
malfunctions and slow response malfunctions. For engines equipped with
charge air cooler systems, the OBD system shall monitor the charge air
cooler system for cooling system performance malfunctions. The
individual electronic components (e.g., actuators, valves, sensors) that are
used in the boost pressure control system shall be monitored in
accordance with the comprehensive component requirements in section
(9)(3).

(4.1.2) For engines with other charge control strategies that affect boost pressure
(e.g., systems that modify boost pressure to achieve a desired air-fuel
ratio instead of a desired boost pressure), the manufacturer shall submit a
monitoring plan to the Executive Officer for approval. The Executive
Officer shall approve the request upon determining that the manufacturer
has submitted data and an engineering evaluation that demonstrate that
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the monitoring plan is as reliable and effective as the monitoring plan
required for boost pressure control systems under section (e)(4).
(4.2) Malfunction Criteria:

(4.2.1) Underboost: The OBD system shall detect a malfunction of the boost
pressure control system prior to a decrease from the manufacturer's
commanded or expected boost pressure that would cause an engine’s
NMHC, CO, or NOx emissions to exceed 2.0 times any of the applicable
standards or the engine’s PM emissions to exceed the applicable
standard plus 0.02 g/bhp-hr. For engines in which no failure or
deterioration of the boost pressure control system that causes a decrease
in boost could result in an engine’s emissions exceeding these levels, the
OBD system shall detect a malfunction when either the boost system has
reached its control limits such that it cannot increase boost to achieve the
commanded boost pressure or, for non-feedback controlled boost
systems, the boost system has no detectable amount of boost when boost
is expected.

(4.2.2) Overboost: The OBD system shall detect a malfunction of the boost
pressure control system prior to an increase from the manufacturer's
commanded or expected boost pressure that would cause an engine's
NMHC, CO, or NOx emissions to exceed 2.0 times any of the applicable
standards or the engine’s PM emissions to exceed the applicable
standard plus 0.02 g/bhp-hr. For engines in which no failure or
deterioration of the boost pressure control system that causes an increase
in boost could result in an engine’s emissions exceeding these levels, the
OBD system shall detect a malfunction when either the boost system has
reached its control limits such that it cannot decrease boost to achieve the
commanded boost pressure or, for non-feedback controlled boost
systems, the boost system has maximum detectable boost when little or
no boost is expected.

(4.2.3) Slow response:

(A) For 2010 through 2012 model year engines equipped with variable
geometry turbochargers (VGT), the OBD system shall detect a
malfunction prior to any failure or deterioration in the capability of the VGT
system to achieve the commanded turbocharger geometry within a
manufacturer-specified time that would cause an engine's NMHC, CO, or
NOx emissions to exceed 2.0 times any of the applicable standards or the
engine’s PM emissions to exceed the applicable standard plus 0.02
g/bhp-hr. For engines in which no failure or deterioration of the VGT
system response could result in an engine’s emissions exceeding these
levels, the OBD system shall detect a malfunction of the VGT system
when no detectable response to a change in commanded turbocharger
geometry occurs.

(B) For 2013 and subsequent model year engines, the OBD system shall
detect a malfunction prior to any failure or deterioration in the boost
pressure control system response (e.g., capability to achieve the
commanded or expected boost pressure within a manufacturer-specified
time) that would cause an engine's NMHC, CO, or NOx emissions to
exceed 2.0 times any of the applicable standards or the engine’'s PM
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emissions to exceed the applicable standard plus 0.02 g/bhp-hr. For
engines in which no failure or deterioration of the boost system response
could result in an engine’s emissions exceeding these levels, the OBD
system shall detect a malfunction of the boost system when no detectable
response to a commanded or expected change in boost pressure occurs.

(4.2.4) Charge Air Undercooling: The OBD system shall detect a malfunction of
the charge air cooling system prior to a decrease from the manufacturer's
specified cooling rate that would cause an engine’s NMHC, CO, or NOx
emissions to exceed 2.0 times any of the applicable standards or the
engine’s PM emissions to exceed the applicable standard plus 0.02
g/bhp-hr. For engines in which no failure or deterioration of the charge air
cooling system that causes a decrease in cooling performance could
result in an engine’s emissions exceeding these levels, the OBD system
shall detect a malfunction when the system has no detectable amount of
charge air cooling.

(4.2.5) Feedback control: Except as provided for in section (e)(4.2.6), if the
engine is equipped with feedback or feed-forward control of the boost
pressure system (e.g., control of variable geometry turbocharger position,
turbine speed, manifold pressure) the OBD system shall detect a
malfunction:

(A) If the system fails to begin control within a manufacturer specified time
interval;

(B) If a failure or deterioration causes open loop or default operation; or

(C) If the control system has used up all of the adjustment allowed by the
manufacturer or reached its maximum authority and cannot achieve the
target.

(4.2.6) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified in section
(e)(4.2.5)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.

(4.2.7) In lieu of detecting the malfunctions specified in sections (e)(4.2.5)(A) and
(B) with a boost pressure system-specific monitor, the OBD system may
monitor the individual parameters or components that are used as inputs
for boost pressure system feedback control provided that the monitors
detect all malfunctions that meet the criteria in sections (e)(4.2.5)(A) and
(B).

(4.2.8) For purposes of determining the charge air cooling performance
malfunction criteria in section (e)(4.2.4) for charge air cooling systems that
consist of more than one cooler (e.g., a pre-cooler and a main cooler, two
or more coolers in series), the manufacturer shall submit a charge air
cooling system aging and monitoring plan to the Executive Officer for
review and approval. The plan shall include the description and location
of each component, the monitoring strategy for each component and

44



combination of components, and the method for determining the
malfunction criteria of section (e)(4.2.4) including the deterioration/aging
process. Executive Officer approval of the plan shall be based on the
representativeness of the aging to real world charge air cooling system
component deterioration under normal and malfunctioning engine
operating conditions and the effectiveness of the method used to
determine the malfunction criteria of section (e)(4.2.4).

(4.3) Monitoring Conditions:

(4.3.1) Except as provided in section (e)(4.3.4), the OBD system shall monitor
continuously for malfunctions identified in sections (e)(4.2.1), (4.2.2), and
(4.2.5) (i.e., over and under boost, feedback control).

(4.3.2) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(4.2.3) (i.e., slow response) in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the
exception that monitoring shall occur every time the monitoring conditions
are met during the driving cycle in lieu of once per driving cycle as
required in section (d)(3.1.2). For purposes of tracking and reporting as
required in section (d)(3.2.1), all monitors used to detect malfunctions
identified in section (e)(4.2.3) shall be tracked separately but reported as
a single set of values as specified in section (d)(5.2.2).

(4.3.3) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(4.2.4) (i.e., charge air cooler performance) in
accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio
requirements). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
section (e)(4.2.4) shall be tracked separately but reported as a single set
of values as specified in section (d)(5.2.2).

(4.3.4) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under conditions technically necessary to
ensure robust detection of malfunctions and to avoid false passes and
false indications of malfunctions (e.g., disable monitoring of underboost
when commanded or expected boost pressure is very low). The
Executive Officer shall approve the request upon determining that the
manufacturer has submitted data and/or an engineering evaluation which
demonstrate that a properly operating system cannot be distinguished
from a malfunctioning system and that the disablement interval is limited
only to that which is technically necessary.

(4.4) MIL lllumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

(5) Non-Methane Hydrocarbon (NMHC) Converting Catalyst Monitoring
(5.1) Requirement: The OBD system shall monitor the NMHC converting
catalyst(s) for proper NMHC conversion capability. For engines equipped
with catalyzed PM filters that convert NMHC emissions, the catalyst function
of the PM filter shall be monitored in accordance with the PM filter
requirements in section (e)(8).
(5.2) Malfunction Criteria:
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(5.2.1) For purposes of section (e)(5), each catalyst in a series configuration that
converts NMHC shall be monitored either individually or in combination
with others.

(5.2.2) Conversion Efficiency:

(A) For 2010 through 2012 model year engines, the OBD system shall detect
an NMHC catalyst malfunction when the catalyst conversion capability
decreases to the point that NMHC emissions exceed 2.0 times any of the
applicable standards.

(B) For 2013 and subsequent model year engines, the OBD system shall
detect an NMHC catalyst malfunction when the catalyst conversion
capability decreases to the point that NMHC emissions exceed 2.0 times
any of the applicable standards or NOx emissions exceed any of the
applicable standards by more than 0.2 g/bhp-hr (e.g., cause emissions to
exceed 0.4 g/bhp-hr if the exhaust emission standard is 0.2 g/bhp-hr).

(C) If no failure or deterioration of the catalyst conversion capability could
result in an engine’s NMHC or NOx emissions exceeding the applicable
malfunction criteria of section (e)(5.2.2), the OBD system shall detect a
malfunction when the catalyst has no detectable amount of NMHC or NOXx
conversion capability.

(5.2.3) Other Aftertreatment Assistance Functions:

(A) For catalysts used to generate an exotherm to assist PM filter
regeneration, the OBD system shall detect a malfunction when the
catalyst is unable to generate a sufficient exotherm to achieve
regeneration of the PM filter.

(B) For 2013 2015 and subsequent model year engines, for catalysts used to
generate a feedgas constituency to assist SCR systems (e.g., to increase
NO, concentration upstream of an SCR system), the OBD system shall
detect a malfunction when the catalyst is unable to generate the
necessary feedgas constituents for proper SCR system operation.
Catalysts are exempt from this monitoring if both of the following criteria
are satisfied: (1) no malfunction of the catalyst's feedgas generation ability
can cause emissions to increase by 15 percent or more of the applicable
standard as measured from an applicable emission test cycle; and (2) no
malfunction of the catalyst's feedgas generation ability can cause
emissions to exceed the applicable standard as measured from an
applicable emission test cycle.

(C) For catalysts located downstream of a PM filter and used to convert
NMHC emissions during PM filter regeneration, the OBD system shall
detect a malfunction when the catalyst has no detectable amount of
NMHC conversion capability.

(D) For catalysts located downstream of an SCR system (e.g., to prevent
ammonia slip), the OBD system shall detect a malfunction when the
catalyst has no detectable amount of NMHC, CO, NOx, or PM conversion
capability. Monitoring of the catalyst is not required if there is no
measurable emission impact on the criteria pollutants (i.e., NMHC, CO,
NOx, and PM) during any reasonable driving condition where in which the
catalyst is most likely to affect criteria pollutants (e.g., during conditions
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most likely to result in ammonia generation or excessive reductant
delivery).

(5.2.4) Catalyst System Aging and Monitoring

(A) For purposes of determining the catalyst malfunction criteria in sections
(e)(5.2.2) and (5.2.3) for individually monitored catalysts, the manufacturer
shall use a catalyst deteriorated to the malfunction criteria using methods
established by the manufacturer to represent real world catalyst
deterioration under normal and malfunctioning engine operating
conditions. If the catalyst system contains catalysts in parallel (e.g., a two
bank exhaust system where each bank has its own catalyst), the
malfunction criteria shall be determined with the “parallel” catalysts equally
deteriorated.

(B) For purposes of determining the catalyst malfunction criteria in sections
(e)(5.2.2) and (5.2.3) for catalysts monitored in combination with others,
the manufacturer shall submit a catalyst system aging and monitoring plan
to the Executive Officer for review and approval. The plan shall include
the description, emission control purpose, and location of each
component, the monitoring strategy for each component and/or
combination of components, and the method for determining the
malfunction criteria of sections (e)(5.2.2) and (5.2.3) including the
deterioration/aging process. If the catalyst system contains catalysts in
parallel (e.g., a two bank exhaust system where each bank has its own
catalyst), the malfunction criteria shall be determined with the “parallel”
catalysts equally deteriorated. Executive Officer approval of the plan shall
be based on the representativeness of the aging to real world catalyst
system component deterioration under normal and malfunctioning engine
operating conditions, the effectiveness of the method used to determine
the malfunction criteria of section (e)(5.2), the ability of the component
monitor(s) to pinpoint the likely area of malfunction and ensure the correct
components are repaired/replaced in-use, and the ability of the
component monitor(s) to accurately verify that each catalyst component is
functioning as designed and as required in sections (e)(5.2.2) and (5.2.3).

(5.3) Monitoring Conditions:

(5.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(5.2.2) and (5.2.3) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For purposes of
tracking and reporting as required in section (d)(3.2.1), all monitors used
to detect malfunctions identified in sections (e)(5.2.2) and (5.2.3) shall be
tracked separately but reported as a single set of values as specified in
section (d)(5.2.2).

(5.4) MIL lllumination and Fault Code Storage:

(5.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d)(2).

(5.4.2) The monitoring method for the catalyst(s) shall be capable of detecting all
instances, except diagnostic self-clearing, when a catalyst fault code has
been cleared but the catalyst has not been replaced (e.g., catalyst
overtemperature histogram approaches are not acceptable).
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(6) Oxides of Nitrogen (NOx) Converting Catalyst Monitoring

(6.1) Requirement: The OBD system shall monitor the NOx converting catalyst(s)
for proper conversion capability. For engines equipped with selective
catalytic reduction (SCR) systems or other catalyst systems that utilize an
active/intrusive reductant injection (e.g., active lean NOx catalysts utilizing
diesel fuel injection), the OBD system shall monitor the SCR or
active/intrusive reductant injection system for proper performance. The
individual electronic components (e.g., actuators, valves, sensors, heaters,
pumps) in the SCR or active/intrusive reductant injection system shall be
monitored in accordance with the comprehensive component requirements in
section (g)(3).

(6.2) Malfunction Criteria: For purposes of section (e)(6), each catalyst in a series
configuration that converts NOx shall be monitored either individually or in
combination with others.

(6.2.1) Conversion Efficiency:

(A) For 2010 through 2012 model year engines:

(i) The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's NOx emissions to exceed any of the applicable standards by
more than 0.4 g/bhp-hr (e.g., cause emissions to exceed 0.6 g/bhp-hr
if the exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test (i.e., FTP or SET).

(ii) If no failure or deterioration of the catalyst NOx conversion capability
could result in an engine’s NOx emissions exceeding any of the
applicable standards by more than 0.4 g/bhp-hr, the OBD system shall
detect a malfunction when the catalyst has no detectable amount of
NOXx conversion capability.

(B) For all 2013 model year engines and 2014 and 2015 model year engines
that are not included in the phase-in specified in section (e)(6.2.1)(C):

(i) _The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's emissions to exceed the applicable NOx standard by more
than 0.4 g/bhp-hr (e.q., cause emissions to exceed 0.6 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test or 2.0 times the applicable NMHC
standard.

(i) If no failure or deterioration of the catalyst system NOx conversion
capability could result in an engine’s NOx or NMHC emissions
exceeding the applicable malfunction criteria of section (e)(6.2.1)(B)(i),
the OBD system shall detect a malfunction when the catalyst has no
detectable amount of NOx or NMHC conversion capability.

(C) For at least 20 percent of 2014 model year diesel engines and at least 50
percent of 2015 model year diesel engines (percentage based on the
manufacturer’s projected California sales volume of all diesel engines
subject to this regulation):

(i)_The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's emissions to exceed the applicable NOx standard by more
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than 0.3 g/bhp-hr (e.q., cause emissions to exceed 0.5 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test or 2.0 times the applicable NMHC
standard.

(i) If no failure or deterioration of the catalyst system NOx conversion
capability could result in an engine’s NOx or NMHC emissions
exceeding the applicable malfunction criteria of section (e)(6.2.1)(C)(i),
the OBD system shall detect a malfunction when the catalyst has no
detectable amount of NOx or NMHC conversion capability.

+B)(D) Except as provided for below in section (e)(6.2.1)(E), Ffor 20432016
and subsequent model year engines:

(i) The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's emissions to exceed the applicable NOx standard by more
than 0.2 g/bhp-hr (e.g., cause emissions to exceed 0.4 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test or 2.0 times the applicable NMHC
standard.

(ii) If no failure or deterioration of the catalyst system NOx conversion
capability could result in an engine’s NOx or NMHC emissions
exceeding the applicable malfunction criteria of section
(e)(6.2.1)(BD)(i), the OBD system shall detect a malfunction when the
catalyst has no detectable amount of NOx or NMHC conversion
capability.

(E) In lieu of using the malfunction criteria in section (€)(6.2.1)(D), a
manufacturer may continue to use the malfunction criteria in section
(e)(6.2.1)(C) for any 2016 model year engine that was previously certified
in the 2014 or 2015 model year to the malfunction criteria in section
(e)(6.2.1)(C) and carried over to the 2016 model year.

(6.2.2) Selective Catalytic Reduction (SCR) or Other Active/Intrusive Reductant

Injection System Performance:

(A) Reductant Delivery Performance:

(i) For 2010 through 2012 model year engines, the OBD system shall
detect a malfunction prior to any failure or deterioration of the system
to properly regulate reductant delivery (e.g., urea injection, separate
injector fuel injection, post injection of fuel, air assisted
injection/mixing) that would cause an engine's NOx emissions to
exceed any of the applicable standards by more than 0.4 g/bhp-hr
(e.g., cause emissions to exceed 0.6 g/bhp-hr if the exhaust emission
standard is 0.2 g/bhp-hr) as measured from an applicable cycle
emission test (i.e., FTP or SET). If no failure or deterioration of the
SCR system could result in an engine’s NOx emissions exceeding any
of the applicable standards by more than 0.4 g/bhp-hr, the OBD
system shall detect a malfunction when the system has reached its
control limits such that it is no longer able to deliver the desired
guantity of reductant.
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(i) For all 2013 model year engines and 2014 and 2015 model year
engines that are not included in the phase-in specified in section
(e)(6.2.2)(A)(iii):

a. The OBD system shall detect a malfunction prior to any failure or
deterioration of the system to properly regulate reductant delivery
(e.q., urea injection, separate injector fuel injection, post injection of
fuel, air assisted injection/mixing) that would cause an engine's
emissions to exceed the applicable NOx standard by more than 0.4
a/bhp-hr (e.q., cause emissions to exceed 0.6 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test or 2.0 times the applicable NMHC
standard.

b. If no failure or deterioration of the SCR system could result in an
engine’s NOx or NMHC emissions exceeding the applicable
malfunction criteria of section (e)(6.2.2)(A)(i)a., the OBD system
shall detect a malfunction when the system has reached its control
limits such that it is no longer able to deliver the desired quantity of
reductant.

(iii) For at least 20 percent of all 2014 model year diesel engines and at
least 50 percent of all 2015 model year diesel engines (percentage
based on the manufacturer’s projected California sales volume of all
diesel engines subject to this requlation):

a. The OBD system shall detect a malfunction prior to any failure or
deterioration of the system to properly regulate reductant delivery
(e.q., urea injection, separate injector fuel injection, post injection of
fuel, air assisted injection/mixing) that would cause an engine's
emissions to exceed the applicable NOx standard by more than 0.3
a/bhp-hr (e.q., cause emissions to exceed 0.5 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test or 2.0 times the applicable NMHC
standard.

b. If no failure or deterioration of the SCR system could result in an
engine’s NOx or NMHC emissions exceeding the applicable
malfunction criteria of section (e)(6.2.2)(A)(ii)a., the OBD system
shall detect a malfunction when the system has reached its control
limits such that it is no longer able to deliver the desired quantity of
reductant.

{i5(iv) Except as provided for below in section (e)(6.2.2)(A)(v), Ffor 2013
2016 and subsequent model year engines, the OBD system shall
detect a system malfunction prior to any failure or deterioration of the
system to properly regulate reductant delivery (e.g., urea injection,
separate injector fuel injection, post injection of fuel, air assisted
injection/mixing) that would cause an engine’s emissions to exceed the
applicable NOx standard by more than 0.2 g/bhp-hr (e.g., cause
emissions to exceed 0.4 g/bhp-hr if the exhaust 